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I N T U 0 1) U C P I 0 N 
In the past, considerable interest has been focused on the culture 
of isolated plant tissues. 	Now that this end has been achieved 
interest has turned to the use of this technique in an attempt to 
solve specific biological problems. 	The earliest use to which tissue 
culture was employed was the study of the growth promotin; effects of 
various natural and synthetic growth substances (Cuplin and Steward, 
1948; Steward and Caplin, 1951) and this led, in turn, to studies on 
the chemical control of morphogenesis (Skoog and Millar, 1957). 	As 
well as these more classical uses of tissue culture it is now being 
usedin studies on the biosynthetic pathways of various materials such 
as the cell wall and its constituents (Barnoud, 1965) and the bio- 
synthesis of tannins (Constable, 1965). 	Tissue cultures have also 
been used to culture plant viruses (Schrnelzer, 1961) and in the 
culture of obligate fungal parasites (Cutter, 1960; Na1amura, 1965). 
In the present investigation the technique of tissue culture is 
employed as a system for the study of cell division. 
There is no doubt that one of the fundamental problems in 
biology is how one cell reproduces and divides to form two. 	Yet, in 
spite of the universally recognised iuportance of cell division, 
relatively little is known about it and few workers have investigated 
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this phenomenon intenlively. 	This is partly due to the fact that 
ajitable systems for the study of cell divisions are scarce. 	In 
biology the material with which one chooses to perform experiments 
has to be very carefully selected. 	Thus, it is no accident that our 
knowledge of genetics comes largely from studies on fruit flies, 
viruses and bacteria since these organisms are capable of rapid 
reproduction and a large number of generations can be obtained quickly. 
Likewise, anyone wishing to investigate the structure and behaviour of 
chromosomes chooses a material in which the chromosomes are large and 
easily observed. 
Over the years a variety of systems have been used by workers for 
their investigations on cell division. 	As the approach toward the 
problem of cell division varied between different workers, so did the 
material which they chose for their experiments. 	Until the 19 1*0's 
most of the investigations took the form of cytological studies on 
the various stages of mitosis. 	Although at one time a cell nucleus 
in interphase was considered to be a resting stage it gradually 
became appreciated that during this period some very important 
prerequisites of cell division wese taking place. 	For further 
information it was then necessary to turn to a more biochemical approach. 
The developing sea urchin embryo has been used extensively in cell 
division studies (itazia, 1955; 	Swann, 1953; AgrilI, 1956). 	In the 
fertilised egg nuclear division takes place rapidly (about every 2 hours; 
and for the first five divisions there is a high degree of synchrony. 
it also has the advantage that the metabolism of the tissue appears to 
be exclusively geared to cell division during these early stages. 
The developing anthers of Liliur. and Trillium species have both 
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been used in studies on cell division and have yielded valuable 
information (Erickson, 197; Stern and Kirk:, 1948; Taylor and 
M 0blaster, 1954; Hotta and Stern, 1963. 	In Liliumlongifloruu the 
flower buds, from the time they are 10mm. in length until they are 
150mm. long, increase in length in an exponential manner. 	Thus the 
log, of bud length is a linear function of time and serves as a precise 
developmental index. 	Growth curves for the development of the anthers 
were worked out against this index. 	The earlier stages of meiotic 
prophase in the development of the pollen microspores occur at 13.5mm. 
bud length and microspore mitosis occurs at about 60mm.. 	The degree 
of synchrony is quite high for the meiotic stages and fairly high for 
the mitotic stages. 	A major difficulty with this system is that there 
are only two divisions, one of which is meiotic and the whole process 
is very lengthy, taking about 2 weeks under normal greenhouse 
conditions. 
Bayer and Mole—Bayer (1954 ) have found endosperm a suitable 
material for their studies. 	They were able to make hanging drop 
mounts in which the cells remained alive for many hours. 	Bayer(1958) 
has wade some striking time laps@. I1otion pictures of mitosis in this 
endosperm material and in the same material which had been subjected 
to coichicine (Mole—Bayer, 1958) and radiation (Bayer, 19)8 b). 	In 
fact, in this tissue the early cell divisions are also synchronous but 
this propoerty does not appear to have been exploited. 
The apical meristeci of plant roots is an actively dividing tissue 
which can be readily grown and manipulated and it has been used as a 
material for studies on cell division and the cell cycle (Brown, 
1951). 	It does, however, have a major draThacas in that the cells are 
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dividing asynchronously and therefore examination using a biochemical 
technique on a whole root tip gives no information about the sequence 
and timing of events in the cells. 	Thus individual cells must be 
examined and this can be done using hiatochemical and autoradiographic 
techniques. 	This still does not overcome the problem of placing the 
various changes which are observed, in these cells, in their correct 
sequence. 	Woodard, Rasch and Swift (1961) used a method in which they 
assumed that the nuclear volume increased continuously through out the 
cell cycle and hence it was possible to place cells in their various 
positions in the cell cycle according to their nuclear volume. 
Another method which has been used successfully to examine the kinetics 
of cell division involves exposing cells to a radioactive isotope for 
a short period and then scoring the number of labelled metaphases at 
various time intervals after the pulse label (Cloves, 1963 Van't Hot, 
1965). 	Yet another method which can be used for determining the 
length of the cell cycle involves treating roots with colchicine and 
recording the rate of accumulation of metaphases (Evans and Savage, 
1959). 
Recent reports have indicated that a fairly high degree of synchrony 
can be achieved in root meristems by treatment with 5 amino - uracil 
(smith et al, 1963; 	Hattingly, 1966), 	The presence of the inhibitor 
arrests the cells at a certain stage of development and they accumulate 
at this stage. 	Upon the removal of the inhibitor progress through the 
cell cycle can be resumed and the population of cells completes the 
interphase and mitosis in a synchronous manner. 	No doubt in the future 
basic information concerning cell division will be obtained using this 
technique. However, the results will have to be interpreted with 
min 
caution until it is known to what extent the inhibitors distort the 
growth of the cells. 
Protozoa have a number of merits as experimental material and 
have been used extensively. 	One such merit is that individual cells 
can be examined and their progress through the interphase and division 
can be closely followed. 	The Amoeba LPrescott, 1 959) and Paramecium 
(Kimble et al, 1959) have both been used in this way but because of the 
small size of these organisms the techniques which have to be employed 
are very delicate and difficult to manipulate. 	A great upsurge of 
interest in the use of Protozoa occurred, however, with the develop-
ment of artificially synchronised populations (Scherbaum and Zeutben, 
1954). 	With the use of these synchronous cultures biochemical 
investigations could be performed to yield information about the 
synthetic processes taking place in the cell as it progresses through 
interphase to division (Scherbaum, 19 4 ). 	The techniques which were 
used to synchronise these populations involved repeated temperature 
shocks and there was considerable evidence that the treatment 
distorted the normal cycle of division in the cell; in Tetrahymena 
this led to oversized cells (Zeuthen, 1964). 	A second method by 
which populations were synchronised was by entraining to a certain 
environmental regime. Thus, Tetrahyrnena can be synchronised by 
periodic temperature shifts. Synchronous populations of Chlorella 
could be obtained by growing the cells in a 12 hour light and 12 hour 
dark cycle. 	Growth of the cells took place in the light while 
division occurred predominantly in the dark (Tamiya et al, 1953). 
The difficulty with this method is that every time the environment 
is altered biochemical transieLts presumably occur in the cell and this 
fl 
has to be taken into account when interpretin the results. 
Recently, methods of producing synchronous cultures by selection 
have been developed. 	These are based on the principle that the cell 
size varies throughout the cell cycle; just alter division cells are 
at their smallest whilst dust before division they are at their largest. 
Thus, by selecting a certain size, one can obtain a population of cells 
of a similar age. 	This selection has been achieved by filtration 
and by exploiting the differences in sedimentation velocities 
(Mitchison and Vincent, 1965). 	A synchronous population of coils 
obtained in this manner is loss likely to be disturbed uctabolically 
than one obtained by shifting the environment. 	This method has been 
successfully used for studies on yeast (I3ostocL et al, 1966). 
In the higher animals suitable systems for cell division studies 
are very scarce since, unlike plants, there are no actively dividing 
meristens. Active division can be induced, however, by wounding 
tissues and then allowing them to heal. 	Mouse ear epidermis has been 
used in this way. 	The curs tue dauaged by cuts, ' scraping or hair- 
pliiking and after a suitable interval the epidermal cells can be 
observed to divide (Bulloch and Johnson, 1951; Gelfont, 1959). 
Regenerating rat liver has been frequently used as experimental 
material (Looney, 1960; Holbrook, Evans and Irvin, 1962). 	if two— 
thirds of the liver is removed cell divisions are induced and the 
original liver weight and cell number restored after 3 weeks (Harkness, 
1956). 
The successful culture of populations of isolated cells of 
animals have presented investigators of cell division with a very 
valuable system. In the case of animals a wide variety of cells from 
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different organisms can now be cultured. 	Mouse fibroblasts and flela 
cells are among the more frequently used materials(Killander and 
Zetterburg, 1965). 	Again there is the problem that in the culture of 
asynchronously dividing cells mass biochemical techniques are of no 
value and instead histochemical and autoradiographic techniques have 
to be employed. Killander andZetterburg(1965) have used a method 
involving time lapse cinematography. 	A group of cells on a slide are 
photographed at intervals and then harvested. 	The cells are fixed to 
the Slide and stained or prepared as autoradiographs and analysed. 	The 
life history of each cell can then be traced back to when it divided by 
studying the tinie1'lapse film and in this way its approximate progress 
through interphase is determined. 
The development of methods for producing synchronous populations 
of animal cells in culture offers a system of vast potential. 	The 
methods used have involved either temperature shock (Newton and Wildy, 
1959) or reversible chemical inhibition of DMA synthesis; the 
subsequent release of this inhibition resuLting in a burst of mitotic 
activity several hours later (Rueckert and Huellar, 1960). 	The use 
of these techniques, however, is liable to produce distortions in the 
growth patterns of the cells. 	A more satisfactory method is that of 
Terasima and Tolmach(1963), 	This is a selection techniqie and 
involves the culturing of Ucla cells attached to the surface of glass 
vessels. 	During mitosis, however, the cells round up and are 
readily detached from the glass. 	If the medium is removed and 
replaced with fresh medium, which is allowed to gently wash over the 
glass surfaces, the cells in mitosis are dislodged and accumulate in 
this nediurri.which can then be decanted off. 	In this way a population 
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of cells, all at. similar stages of development, is obtained. 
The mass culture of isolated plant cells has also been achieved 
(Muir et al, 1954; Street and itenshaw, 1966) but there are a number 
of difficulties to be overcome before this material can be successfully 
used for studies in cell division. 	Foremost amongst these is that cell 
division amongst isolated cells is relatively infrequent. 
Erikson (1966) has reported the partial synchronisation of 
suspension cultures of ilaplopappus gracilis by using a number of 
chemicals, including 5 amino - uracil and hy&roxyurea. 	No doubt 
further investigations along these lines will prove worthwhile. 
In the present investigation the early growth of explants isolated from 
the Jerusalem Artichéke tubers has been studied. 	An examination of 
the changes in the cell number of the explants and the mitotic index 
over the first 36 hours of culture have revealed that cell divisions 
take place in a synchronous manner, the degree of synchrony being 
sufficient to provkle a valuable system for the study of induction 
of cell division and events in the cell cycle (Yeoman, Evans and Naik, 
1966; Yeoman and Evans, 1967). 	Thus a series of experiments have been 
designed to investigate the major quantitative changes in the nucleic 
acids, protein and rate of respiration during the grvwth of the tissue. 
Experiments have also been performed in an attempt to improve the 
system by increasing the degree of synchrony and the proportion of 
dividing cells. 
It is hoped that the results which have been obtained with this 
system will cause it to be recognised as a valuable experimental 
material for the further study on the physiology of cell division. 
_HA_E$JA_L..,. 
The tissue used throughout this investigation was isolated 
from tubers of the Jerusalem Artichoke, ilelianthus tuberosus In 
Clonal material of the variety Bunyard's Round was grown in the 
Royal Botanic Garden, Edinburgh, and also in the garden of the 
Botany Department, King's Buildings, Edinburgh. 
The tubers were harvested at the beginning of November and 
the tubers from each plant were placed in a numbered polythene 
bag together with some damp sand. 	These bags were then placed 
in a large polythene bin, covered with sand and stored in a cold 
room at approximately l& °C. 	Under these conditions of storage the 
tuberswere prevented from sprouting until May or June of the 
following year. 
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EXPERIMENTAL METHODS 
CULTURE PROCEDURE' S 
Aseptic inoculation of explants. 
All instruments and glassware were sterilised in an oven at a 
temperature of approximately 300 °F for at least 2 hours. 	The 
medium and water were sterilised in an autoclave at a pressure of 
l5lbs per square inch for 20 minutes. 	All experiments were set 	up 
in a"sterile" room which had been specially designed for aseptic 
work. 	A special feature of this room was that filtered air was 
pumped into it maintaining a slight positive, 12air pressure within 
the chamber, 	in this way "sterile" air flowed out of the room when 
the sliding dooi was opened preventing an inflow of contaminated air. 
The working surfaces consisted of white formica and were maintained 
in a sterile condition by two UV lamps vbich remained on when the 
room was not in use. 
The earliest experiments of this investigation were performed 
in az;other building where the stcrile" transfer room, although 
adequate, was less sophisticated. 	Contamination, however, was 
rarely encountered. 
An aseptic technique was strictly adhered to whenever 
Eaanipulati.on involved sterile material. 	This involved flaming 
all the instruments with alcohol beiore use and flaming the mouths 
of flasks both before and alter the explants were rexaoved. 
The surface of the tubers was scrubled vigorously to remove 
all soil and much of the periderin. The tubers were then placed 
in a 20 v/v solution of sodium hypochlorite (2-3% v/v available 
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chlorine ) for 20 minutes to ensure the surface was sterile. 	The 
tubers, whilst still in the hypochlorite solution, were transferred 
to the sterile room where they were rinsed several times with sterile 
water. 	A transverse slice, approximately 30m. in length,was 
removed from the central region of the tuber and the ends of the 
tuber were discarded. 	From this piece of tissue, cores 2mm. in 
diameter and 3cm. in length are removed with a metal cannula. 
These cores were out into 2.4mm. lengths by means of a cutter 
specially designed for the purpose. 	In this manner a large 
quantity of explants, measuring 2.4mm. in length by 2mm, in diameter ) 
were obtained. 
Culture conditions and medium. 
Two methods of culturing the explants have been used:- 
On solid medium. 
5nil. of medium containig l% agar were placed in screw cap 
bottles and autoclaved. 	Water condensed as droplets on the 
surface of the agar as the bottles cooled. 	The bottles were, 
thetore left to stand for 2 days, with their lids loosely scrvwed 
on, allowing the agar surface to dry, 	
in this way tue surface of 
the agar was in a uniform condition in all the bottles. 	One 
explant was placed in each bottle with its length iu contact with 
the medium. 	A typical experiment consisted of approximately 
100 bottles. 
in liquid medium, 
15m1 of medium were placed in a lOOml. flask together with a 
short metal rod enclosed within a length of glass tubing. 	The 





Fig. I 	An illustration of the apparatus used in the 
culture of explants in liquid medium. 
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then autoclaved. 	A culture was begun by the addition of approximately 
100 explants to the flask. 	The flask was transferred to the growth 
room where it was placed cthove a revolving magnet which caused the 
metal bar to rotate at 150r.p,m, and agitate the medium. 	A special 
piece o f .equipment was constructed so that six flasks could be stirred 
at once using only one motor (see Pig. 1 	). 
The culture room was maintain&d at 25 °C and remained dark except 
when the material was harvested or examined. 
The medium was a modification of that used by Bonner and Addicott 
(1937) as developed by Yeoman, vyer and Robertson (1965) and had the 
following composition per litre:— 
Coconut milk 	 200m1, 
Sucrose 	 40,000mg. 
2.4.D 	 0,22mg. 
Ca(NO3)2 	 236mg. 	
Solution A 
K112PO41 	 12mg, 
MgSO471120 	 36mg. 
ENO 	 81mg. 	Solution B 
KC1 	 65mg. 
Fed 3 	 2mg. 	Solution C 
Solutions of A,B and C were made tip 100 times the concentration and 
stored in the refrigerator throughout the season. 	Fresh solutions 
were prepared each November. The 2.4.1) (2.2mg.) was dissolved in lOfl. 
of absolute ethanol and lad, added to a litre of medium. 
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Coconuts were normally obtained on two occasions during the year. 
The milk was filtered through glass wool and autoclaved at 151b. 
per square inch for 20 minutes and subsequently stored in plastic 
bottleS at —20 °C in the depp freeze4 	The coconut milk was 
separated from the precipitated protein before being added to the medium. 
HARVESTING OF EXPLANTS 
At intervals explants were sampled for analysis. 	In the case 
of the agar Method the appropriated number of screw cap bottles were 
removed from the growth room and the explants taken from the surface 
of the agar with forceps. 	In the case of the liquid method the flask 
was transferred to the sterile room and the explants removed aseptically 
with forceps. 	They were then placed in a pttri dish containing 
distilled water. 
CLEANING OF GLASSWARE 
After preliminary scrubbing in tap water all culture flasks, 
bottles and test tubes were cleaned by boiling in a solution of 
sodium metasilicate and Calgon (Paul, 1959). 	Thiswasbing solution 
was obtained by diluting a stock solution (HOg. &c.diumetasilicate 
and 9g Calgon in a litre of water) by one part to one hundred 
parts of tap water. 	After cooling, the glassware was rinsed in tap 
water and then transferred to 0.0W UC1 where it was allowed to 
remain for several hours. 	It was then rinsed wiUt tap water and t..o 
cbiges of distilled water and finally dried in a hot air oven. 
Radioactive glassware was cleaned by allowing it to stand in 
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a solution of Decon 70 overnight and then rinsed thovouflly in 
distilled water 
ANALYTICAL PROCEDURES 
Determination of fresh weight. 
After harvesting, the explants were placed on tissue paper 
and rolled over to remove the surface moisture. 	They were then 
weighed to the nearest tenth of a milligram on a Stanton automatic 
balance. 
Estimation of cell number. 
The total number of cells within an explant was estimated by 
a modification of the method used by Drown and lUckless (1949). 
Five explants were placed in 2nd. of 5$ chromic acid and after 
21* hours the tissue was macerated by drawing the fluid into a 
Pasteur pipette and expelling it faii'ly rapidly. 	After 5 or 6 
such treatments all the tissue was broken up into individual cells 
or small groups of cells, normally not more than 3 cells to a grozp. 
Immediately, a drop of the maceration fluid was placed under the 
cover slip of a haemocytometer slide. 	The number of cells on the 
grid was recorded using a Tally counter, there was always a 
number of cells which had been broken or bad lost their cell 
contents either when the tissue was excised from the tuber or 
when the tissue was macerated,. Provided over half of the cell 
wall was intact the cell was counted. 	Fragments of cells which 
appeared to be less than ball a cell were ignored. 	Six such 
determinations were made and the mean value recorded. 	Since the 
volume under the coveralip was known, as was the total volume of 
Table 
Number of cells per field of hacinocytorneter Mean Cell number 
83 64 62 82 83 103 83'1 18,500 
86 88 88 98 81 80 8608 19,300 
86 60 nO 94 69 60 79.8 17 0 700 
8 80 82 89 60 87 72 7893 17,400 
81 82 70 92 98 67 8106 18 0 100 
66 69 91 63 85 84 763 17,000 
4138 88 91 82 60 73 7911 17 0 600 
72 80 96 112 61 88 8498 18 2 800 
113 86 67 76 81 101 8795 19 0400 
Mean 	81'9 
Standard Deviation 	5•87 
Comparison of the cell number of explants at zero time. 
N 
Pw 
Fig-2 	A diagramatic illustration of the formation 
of "pairs" and "fours." 
V vacuole; N, nucleus; c cytoplasm; 
NW new cell wall; PVV parent cell wall. 
Table 2 
Sample Number of cells per field of haemocytometer Mean Cell number Base number 
A 97 87 98 95 95 90 9503 20,700 20,700 
3 152 118 125 9 127 113 118'0 26,200 20,400 
'pairs' 35 27 30 26 22 19 265 5 3 800 
C 114 124 123 127 194 118 1316 29 0 200 20,400 
'pairst 40 31 52 36 62 36 596 8 1 800 
Comparison of the number of cells and "pairs" of 
explants cultured for various lengths of time. 
/ 
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the macerating fltid, a value for the cell number per explant 
could be obtained, see formula 
i.sl of maceration fluid x average count 
Volume of fluid on haemocytometer grid'x number of explants 
Table 1 shows a specimen count of zero time tissue. Nine 
groups of 5 explants, obtained from the same tuber, were macerated 
and the mean cell number per explant for each group determined. 
The standard deviation of these mean values *as 3.87 which represents 
a standard deviation in cell number per explant of 855 which is 
less than 5 of the total. 
It was noticed that when a cell divides the two daughter cells 
which result are separated only by a thin cell wall whilst still 
remaining in the parent wall (Fig. 2). 	The maceration 
technique does not separate these "pairs" of cells and they can be 
readily detected on the haeciocytometer slide. 	Thus each "pair" 
represents the product of one cell division and counting these 
"pairs" in the macerate provides a very sensitive measure of the 
time of onset and the extent of cell division within the explants. 
This is afar more sensitive method, in fact, than counting the total 
cell numbers when at least 10$ of the population would have to divide 
before an increase in cell number could be detected with certainty. 
Table 2 shows a det of data for an experiment in which total cell 
numbers and the number of "pairs" have been determined. 	The "pairs" 
have been recorded and expressed as a percentage of the 
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total. 	In sample A no " pairs " were observed and the meun value 
was 98.3 giving a total dell number per explant of 20,700. 	In 
sample a "pairs' were observed and amounted to 28.6% of the 
population. 	When the "pairs" were subtracted from the total cell 
count the number of cells before division was obtained. 	This 
number will be defined as the base number. It was in areeincnt with 
sample A. 	The same was true of saniplc C where 43 division has 
been recorded. 
The subsequent division of thei'jiairs" could also be recorded 
as the new cells were again separated cy a thin cell wall. 	The 
cells which have completed this second division Can be scored and 
were readily separable from non dividing cells and from the "pairs." 
An attempt was made to count cells automatically using a 
Coulter counter. 	This machine is based on the principle that cells 
are relatively poor electrical cunductors as compared to the saline 
in which they are suspended. 	The counter employs a glass tube 
which has a minute aperture of known dimensions in its wall and the 
impedance across the aperture is measured. 	A suction is applied 
such that the cells are drawn through this aperture and as they do 
so the impedance across the aperture rises transiently and this 
pulse is recorded as a count. 	By altering the threshold particles 
can be both counted and sized and small fragments can be excluded. 
Unfortunately the "pairs" otrcells which were present as e. single 
unit were only recorded as one aa4 so,after considerable division, 
there was still no change in the cell number as recorded on the 
counter. 
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(c) Estimation of mitotic index. 
Ex1ants were fixed in ethanol/acetic acid (3:1) for at least an 
hour and then stored in 705 ethanol. 	Before staining they were 
hydrated and treated with N 11CI for 12 minutes at 600C. 	After 
washing in water the explants were transferred to Feulgen reagent 
(Darlington and La Cour, 1960). After an hour they were washed with 
water and finally allowed to stand in distilled water for over an 
hour for the Feulgen stain to intensify. Without this treatment 
the intensity of stain is very weak. 	The explants were tapped out 
with a brass rod and then squashed beneath a coverslip. 	Coveralip 
and slide were transferred to an alcohol series where they were 
separated and then reunited after dehydration and mounted in Canada 
Balsam. Random transects across the preparation were observed and 
the frequency of mitotic figures recorded. 	At least 500 cells were 
counted in each slide. 
(U) Measurement of nucleic acid. 
(i) Measurement of DNA 
In a preliminary determination a number of explants were homog-
enised by hand in a ground glass Potter Elvchjem homogeniser with 2m1. 
of 0.5N perchioric acid. 	The homogeniser was then rinsed with 
two further 2m1. volumes of acid and the bulked volumes were 
centrifuged at 500 times gravity for 15 minutes 	The precipitate 
was washed with 4rnl. of 0.05N perchloric acid and again centrifuged. 
This was repeated and on each occasion the acid discarded. 	This i. - 
treatment was followed by two washings in 75 ethanol, a wash in 




























Equivalent"ámount 	 170 	7•5 < 4 3300 
of DNA rig. 
The amount of DNA extracted from groups of 
10, 20, end 4.0 explants. 
Table 4 
Wethanol/Forrflic acid, method 
Wave length 	Salt extraction 	Perchioric acid. extraction 
600 	O'lOö 0'126 0'114 017 0'2(1)1 o'iao 
650 	0064 0079 00065 0'124 0.149 0'062 
Difference 	0'039 0'049 0'058 0'049 0•052 09068 
DNA jigo 	 1590 170 210 17'5 19'0 25•0 
Lean 17'6 20•5 
PcrchJ,oric acid method 
Wave length Salt extraction Perchioric acid extraction 
600 0'104 0124. 0116 0'371 0'394 0.334 
650 0 , 076 0.078 0'078 0.338 0•364 00302 
Difference 0028 0'046 0'035 09033 00050 00032 
DNA -Lg. 105 16'5 130 120 110 1165 
Lean 13'3 il'S 
A comparison of various methods for the 
extraction of DNA from zero time explants 
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treatment with ether. After the ether had been discarded the 
pellet was air dried. All manipulations, until the absolute 
ethanol wash, were performed at a temperature below 4 0C. The 
pellet was treated with N sodium hydroxide at room temperature for 
70 minutes (Schmidt, Thannhauser, 1945). The DNA was then 
precipitated by the addition of N hydrochloric acid until the p11 
fell below one. After centrigugation the supernatant, which 
contained the hydrolysed products of the IWA, was removed. The 
DNA was then bydrolysed by treatment with 0.5m1. of 0.514 perchioric 
acid at 70°C for 25 minutes. After cooling and centrifugation 
one mi. of the Diphenylernine reagent (Burton, 1956 ) was added to 
the supernatant. The intensity of the colour which developed was 
measured in a Unicea SP500 spectrophotometer at wave lengths of Goo 
and 650 ws using 4cm, light path cuvettes. Results of these 
determinations are shown in Table 3 along with values obtained for - 
known amounts of Calf thymus DNA. 
In the case of the samples a green colour developed instead of 
the expected blue colour which normally develops when the diphen - 
ylzwzine reagent reacts with deoxyribose. 	Interference can sometimes 
be overcome by measuring the absorption at two wavelengths, I.e. 600 
and 650wt and subtracting the latter from the former. Burton 
(1956) noted that a number of substances will react with the dipheny-
lamine reagent to produce this green colour. A method using a 
different series of reagents in the hope of obtaining a nucleic acid 
extract free from this contaminant, was tried. 
Explants were homogenised in methanol containing 0.0514 formic 
acid (Kupila, Bryan and Stern, 1961) and after centrifugation the 
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precipitate was washed with this reagent. 	This wash was repeated 
and followed by washing with 80% ethanol, absolute ethanol, ethanol 
ether, 1:1, and finally ether. 	Again the stages as far as the 
ethanol wash were carried out in the cold room below Li °C. 	As a 
control a pellet was obtained by the steps described in the previous 
method (see page 17 ). 	The replicate pellets were divided into 
two groups. 	Since we were not interested in the RNA at this stage 
and the djphenylaine reagent reacts with the deoxyribose and not 
with ribose (Dische, 1955), RNA was not separated from the DN#. 	One 
series was treated with O.5ml. of 10% sodium chloride and heated in 
a boiling water bath for 30ininutes. The tube was lint warmed and 
then tightly stoppered to aijoid "bumping. " 	After cooling and 
cejtrifugation N perchloric acid was added to the supernatant until 
the final concentration was 0.5 N. 	The DNA was hydrol$tsed in 
this solution by heating at 70 °C for 20minutes. 	The second series 
wqs treated with 0.5N perehioric acid for 25 minutes at 70°C. 	Thd 
Burton reagent was added to both series and after overnight 
incubation at 30 °C the intensity of colour measured at Goomis and 
650mp. 	The results are shown in Table ii. 	It is evident that the 
procedure using methanol/formic acid was superior to that in which 
the washings were carried out with the perchioric acid. 	The deep 
green colour produced in the perchloric acid method was not 
evident either in the methanol/formic acid procedure or when the 
perchloric acid washed pellet was extracted with 10 sodium chloride 
solution. 	This latter method, however, gives, a value father less 
than that obtained by the methanol/formic procedure. 	There was, 
Table 5 
Wave length 	 10 Explants 
	
600 	0'270 	0'248 	0'187 	0028 
650 	0•116 	0101 	0'070 	0•096 
Difference 	00154 	0'147 	0'117 	0•142 
Mean 	 0140 
Wave length 15 lbcplants 
e600 	•0387 0'361 	0,369 	0'70 	0•410 
650 	0179 09156 	0•165 	0'178 	00200 
Difference 	0208 0•205 	0'204 	00198 	0•210 
Mean 0205 
The amount of DNA extracted from 
groups of 10 and 15 explants 
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however, little difference between the result of the salt and of the 
acid extraction in the case of the pellet obtained by the methanol/ 
formic method. But as the salt extraction involves 4n extra step, 
and is slightly more difficult to handle, it was decided to use the 
acid extraction as a standard procedure. 
Owing to the fact that the number of explants in any experiment 
is limited it was necessary to be able to make accurate measurements 
of DNA content on groups of lu explants or less. A determination 
was made to find out whether this was, in fact, possible. 
The methanol/formic acid washing procedure was followed by acid 
extraction. 	Five replicates of 10 and 15 explants were used and the 
results are shown on Table 5 • 	The DNA was hydrolysed in 0.5m1. 
of O.5N perchioric acid and to this lml. of diphenylamine reagent was 
added. 	Measurements were made using acm. light path cuvettes. 	It 
can be seen that the variation between replicates was small. 	The 
value for 15 explants calculated from the value of 10 explants is 
0.210. which is in good agreement with the observed value. 	Thus it 
would appear that we can, indeed, make measurements of DNA content on 
a group of 10 explants. 
Since the DNA is hydrolysed into nucleotides, and cell walls are 
considered to be permeable to molecules of larger dimensions than 
nucleotides, there appears to be no theoretical reason why it should 
be necessary to homogenise the tissue. 	To test this ideL 8 whole 
explants were washed with the standard sequence of reagents to 
obtain an ether dry residue. 	As a control S explants were homogenised 
and washed with the same reagents. 	In each case the JAA wus 
hydrolysed with 0.25in1. of 0,5N perchloric acid afor 20 minutes at 70°C. 
Table 
Wave length 	 Homogenized 	 Non-homogenized 
GOOmp 	0118 	0'157 	O•217 	00169 	09195 	00174 
650injt 	0039 	0089 	00093 	0058 	00092 	0046 
Difference 	0079 	0068 	0124 	O'lll 	0103 	0'12$ 
Mean 	 003 	 0.116 
Comparison of the amount of DNA extracted 
from homogenised and non-homogenised explants 
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This liquid was removed and a further 0.25uil. added and the hydrolysis 
repeated. 	The two volumes were added together and 1.3ml. of diphen- 
ylamine reagent added and incubated under the standard conditions. 	The 
results are shown in Table 6 . 	lionogenisation of the tissue results 
in a lower value for DNA. 	Either there was some loss or alternatively 
the non—homogenised tissue has retained some deoxyribose originally 
present as afree deoxyribonucleOtidos, which were not removed by the 
washing technique. This latter possibility seems unlikely in view 
of the ease with which the hydrolysis products are removed from the 
unhomogenised tissue. Thus it would appear to be unnecessary to 
homogenise the tissue. 
(ii) Estimation of total nucleic: acid. 
As was mentioned earlier no attempt was made to separate the 
RNA from DNA. 	Therefore the acid hydrolysate, used for DNA 
estimations, contains the nucleic acid. 	Estimates of this total 
nucleic acid could be obtained by measuring the optical density 
of a sample of this bydrolysate at 260mi in a spectrophotometer. 
It was necessary to dilute this sample four fold with O,5N 
perchloric acid in order to get ateading of the optical density 
when it was taken from the hydrolys ate of zero time tissue and 
to a greater extent from the tissue which had been cultured for 
several hours. 	The absorption curve obtained from one of these 
sampl es using an SPBOO spectrophotometer (Fi,. 3 ) shows that it is 
moderately free from contamination. 	The ratio of the optical 
densities at 260tqs and 235rn4 for a pure sample of a mixture of 











Fig. 3 	Changes in the optical density at various 
wavelengths of a sample of the total nucleic 
acid extracted from explants at zero time. 
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is two or more is considered to be "clean." 	In the case of this 
sample the ratio was 2,06. 
(e) Radioactive techniques. 
(1) Estimation of the pattern of DNA synthesis by labelling with 
tritiated thymidine. 
Two methods have been employed in this investigation:— 
(a) The first method involved culturing the explants in medium 
solidified with agar containing tritiated thymidine (14C/ml.) so that 
throughout the period of growth they were continously exposed to the 
isotope. The explants were harvested af intervals and fixed with 
ethanol/acetic acid (3:1). 	They were dehydrated in a tertiary butyl 
alcohol: ethanol series (Jenson (1962) and embedded in parafiin wax. 
For this experiment slides were thoroughly cleaned by scrubbing 
with Vim and then rinsing in tap water. When the slides were clean 
enough to be perfectly wetted by tof water they were washed in distilled 
water and dried. 	These slides were then subbed by dipping them into 
the following solution:— 
Gelatine 	5.09. 
Chrome alum 0.059 
Water to make 1000znl. 
After this treatment the slides were placed in a rack to drain and dry. 
This subbing ensures that the sections adhere to the glass surface. 
Serial sections (154) were cut using a rotary uiicrotome and these 
sections placed on the prepared slides. 	After drying on to the slides 
the sections were treated with xylene to remove the wax and then air— 
dried. 	The sections an slides were coated with Ilford K 2 
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emulsion by a technique developed by Kopruwa and Leboud (1962) and 
modified by llabesbuw (1966). The operation was carried out in a 
dark room using a Wratten series (1) red filter. A flat bottomed 
specimen tube 3 11 x if" was supported in a water bath maintained at 
55°C, Shreds of emulsion were added slowly to this tube and then 
an equal quantity of distilled water was added and the mixture 
gently stirred with a very clean glass rod to mix the diluted 
emulsion to a uniform consistency. The ilides were then dipped 
into the emulsion two at a time held back to back and after about 
30 seconds they were removed and supported in an upright position 
to drain and dry. After 30 minutes the slides were placed in racks 
in aluminium boxes (50 slides to a box) along with a small bag of 
silica gel to act as a dessicant. The boxes were thou sealed with 
black adhesive tape and stored in a refrigerator at 4 °C for Vi days. 
Alter this period the boxes were returned to the dark room whore the 
photographic emulsion on the slides was developed using kodak 1119 
developer with a development time of 6 minutes at 21 0C. The 
emulsion was fixed in Ilford Hypam Fixer for 6 minutes and the slides 
were washed thoroughly in running tap water for 2 hours and finally 
dried. The sections were then mounted in Canada Balsam, their 
positions having been previously marked with a waterproof marker on 
the under side of the slides, in order that the sections could be 
easily found. Finally the sections were examined using the phase 
contrast optics of a Vickers Patholus microscope and the number of 
labelled nuclei, as indicated by the occux*nces of silver grains in 
the emulsion, recorded. Every third serial section was examined so 
as to avoid counting different sections of the same nucleus and 
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within each section every cell was examined. 
(b) The second method involved the pulse labelling technique. 
Groups of 5 explants, grown under standard conditions in a liquid 
medium, were transferred at intervals during the period of culture 
to a 50m1. conical flask, containing lOud, of medium plus a quantity 
(14C/ml.) of tritiatod thymidine. 	The medium was stirred in the saute 
way as in the culture flask. 	After incubation in this medium for 
30 minutes the explants were transferred to water, which contained 
a large excess of cold thymidine, where they remained for 15 minutes. 
After this treatment they were removed, the surface liquid absorbed 
with filter paper, and the explants fixed in methanol and stored in 
the deep freeze, 	The DNA was extracted from all 5 explants in 
two aliquots of O.Sml. perchioric acid, as described previously, 
after care had been taken to remove all the free thymidine with 
five washes in 4ml, aliquots of methanol/formic acid followed by the 
standard wabhing procedure. 	The acid hydrolysate was neutralised 
with a few drops of ION 1(Ofl and after cooling in ice, to allow as 
wuch potassium perchlorate as possible to cone out of solution, an 
aliquot (0.5m1.) was placed into glass bottles containing l)ml. 
of scintillation fluid and the radioactivity counted in a Pack ant 
Scintillation Spectrometer for 20 minutes. 	The results of this 
preliminary experiment are shown in Table 7 . 	Samples (lml.) of 
the first and second methanol/formic acid washings were also counted 
for radioactivity. 
Radioactivity was detected in the nucleic acid hydrolysate 
although when expressed on a per minute per 5 explants basis the counts 
were low. 	From the results obtained by counting a sample 
Table 7 
Incorporation of tritiated 
	
Washings total activity 
thymidine into DNA 
	








extraction 	1st wash 	2nd wash 
6 392 40 
19 1472 128 
28 992 96 
23 408 64 
30 minute incubation: all counts expressed as counts 
per minute per 5 explants 
Amount of radioactivity in the washings and incorporated into 











Fig. Li. 	Changes in the rate of incorporation of tritiated 
thymidine into DNA of explants after various 
lengths of culture at 250C. (o) 14 hours, 
(o) 16f hours, (.) 181 hours, (.) 21- 12  hours, 
() 261 hours. 
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of the washing it is apparent that most of the free tritiated 
thywidinu was removed in the first wash. 	In view of these resilts 
it was decided to use a higher concentration of radioaetivó 
thymidine in the medium in1 the hope of obtaining a greater 
incorporation of radioactivity in the tissue. 	Accordingly, groups 
of 15 explants were transferred at intervals trow the culture flask 
to a 50m1. flask containing lOin!, of medium in which the tritiated 
thymidine was at a concentration of 5.zC/ml.. 	Five explants were 
removed from this radioactivE4iediuni after 30 minutes, 1e5 minutes 
and 60 minutes of incubation. 	Th explants were fixed, washed and 
the DNA extracted in the same manner, as described on the previous 
page. 
The results of this preliminary experiment are shown in Fig.4 
A higher invorporation of radioactivity was indded detected and 
from the time course bur the incorporation it would appear that the 
rate was flower over the first 30 minutes than it was in the sub-
sequent 30 minutes. 	In the case of the 26- hour,f.k the 18* 
hour and the 141 hour series the rate of incorporation appeared to 
be constant between 30 minutes and 60 minutes whereas in the case of 
the 16* hour series it would appear that the rate of incorporation 
increased after 45 minutes. 	The fact that the rate of 
incorporation varies between different series reflects the changing 
pattern of DNA synthesis during the culture of the explant&. 	In 
view of the fact that the rate appeared to be constant between 30 
minutes and 60 minutes it was considered that an incubation period 
of 45 minutes was a suitable length and s used in Experiment 20 
(ii) The use of tritiated uridine and C14 leucine. 
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An attempt was made to expaine the pattern of RNA synthesis 
using tritiated uridine and the pattern of protein synthesis using 
Cleucine in a double label experiment. 	At intervals during the 
growth period 15 explants were transferred to a 50m1 flask 
containing 7ml of the standard medium together with lOtiC tritiated 
uridine and 0.34C C 14leucine. 	The medium was stirred by a revolving 
satellite in the same way as the culture ifilasks. 	The explants were 
incubated in this medium for 45 minutes and on removal from the 
radioactive medium the surface moisture on the explants was removed 
and the explants stored in the deep freeze. 	The nucleic acid was 
extracted in the normal way but instead of the tissue being washed 
with methanol/formic acid the first three washes were performed with 
0.5N perchloric acid. 	This was used as there was soie uncertainty 
as to the solubility of uridine in the methanol/formic acid solution. 
All other procedures ware as described previously. 	The nucleic 
acid hydrolysate was neutralised with iON hUH cooled in ice and 0.5m1. 
placed into the scintillation fluid and the radioactivity counted 
as described above. 	The perchloric acid washings were also 
neutralised and 0.5ml. added to the scintillation fluid . 	The settings 
on the Packard Scintillation Counter were set such that the counts 
due to tritiØunt could be separated from those due to C " . 	These 
settings were:— 
window tidth 150 to 1,000 with 30 gain for C and 
window width 50 to 170 with 30% fin for the tritiui. 
After extraction Of the nucleic acid the explants were bomogenised 
in 0.5N perchloric acid, washed with 80% alcohol, absolute 
alcohol and ether. 	The dry pellet was treuted with lnil. of 2N 
ammonium hydroxide at 30 0C for 16 hours in order to bring the 
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protein into solution. 	0.7inl. of this solution was placed on a 
metal planchet and evaportted to dryness using an infra—red lamp. 
The planchets were placed into a Beckman low background counter and 
the radioactivity in the protein sample measured. 
(f) Determination of nitrogen. 
(i) Determination of the "total nitrogen." 
Two explants were placed into 0.lml, of digest acid in a hard 
glass test tube. 	This digest acid was 36N nitrogen free - sulphuric 
acid containing the equivalent of 0.2g/l of CuSe0 3 . 	The test tubes 
were placed in a micro Ejeldahl digestion rack and heated at 20096 
for Go minutes. 	Within the first 30 minutes the digest solution 
went clear but the digestion was prolonged so as to ensure complete 
conversion of all nitrogen to ammonium sulphate. 	The tubes were 
allowed to cool and the samples diluted to 2nd.. 	The quantity of 
nitrogen present in this sample was determined by the method of 
microdiffusion developed by Conway (1962). 	The rims of the outer 
and inner walls of the Conway dishes were coated with vaseline and 
a vaseline barrier was placed across the floor of the outer well so 
as to divide it into twu sections. 	In the inner well was placed 
0.2nd. of indicator solution. 	This indicator was made by adding 
0.4ml. of 1% Bromocreosol green in 70% ethanol and 0.5inl. of 0.1% 
Methyl red in 70% ethanol to 250ml. of 1% boric acid in distilled 
water. 	The p1l was adjusted until the solution was &lightly blue 
in colour. 	In one half of the outer well was placed 0.5m1. of StI k 
sample solution and in the other half 0.5ml. of 110% Na011. 	The 
Conway dishes were sealed with a ground glass lid and transferred 
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to the dold room. 	After 30 minutes the dishes were tilted so that 
the alkali mixed with the acid and released the ammonia. 	The reason 
for transferring the dishes to the cold room was to avoid the risk 
of the lid being forced open by the slight increase in pressure caused 
by the heat of neutralisation liberated when the alkali came in 
contact with the acid. 	After remaining sealed overnight the lid was 
removed and N/10 HCl added to the indicator Until the colour turned 
from blue to a slight pink. 	This acid was added by means of a e 
Beckman automatic burette. 
The dishes were cleaned by removing the excess vaseline and 
boiling in teepol. 	This had to be repeated twice to remove all the 
grease. 	Finally, they were rinsed in two changes of distilled 
water. 	Periodically the dishes were treated in a chronic acid bath. 
Determination of alcohol insoluble nitrogen. 
Groups of four explants were boiled in 5mb. of 80% ethanol for 
10 minutes. 	This was repeated three tines and the ethanol discarded 
after each wash. 	The explants were placed into 0.1mb. of digest 
acid and the nitrogen content determined as described above. 
Protein nitrogen. 
After the nucleic acid had been extracted from the explants they 
were treated with 80% alcohol, absolute alcohol and ether. 	After 
drying in air the explants were digested in digest aced, as before and 
the nitrogen content determined as described. 
(g) Measurement of gaseous exchange. 
Measurement of gaseous exchange was carried out using Warburg 
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S 
respirometers and employirg the direct methoC of Warburg for the 
measurement of oxygen uptake and carbondioxide evolution (Umbreit, 
Burriscand Stauffer,, 1959). 
For the oxygen uptake determinations the Warburg flasks cont-
ained 0.2nd. of 2$ KOlI in the centre well absorbed on filter paper. 
In the case of the carbon dioxide measurements the 0.2m1. of KOB 
was omitted. At intervals during the course of the experiment 9 
to 10 explants were transferred from the conical flasks, in which 
they had been growing, to the Warburg flasks together with Ltd. of 
medium aldo removed from the conical flask. 	This operation was 
done in the sterile room, Warburg flasks and pipettes having been 
previously autoclaved. 	Readings of the changes in pressure within 
the flasks were made every hour. At intervals a Warburg flask was 
removed from the water bath and its explants harvested. 	In this 
manner it was arranged that the maximum period that explants 
were grown in the Warburg flasks was 12 hours. 
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EXPERINENTAL FLESULTS 
SECTION 1. 
The results presented in this section form two series of 
experiments. 	In the first short series the growth of the tissue 
was examined over a relatively long period. 	These experiments 
were performed to confirm the results of earlier investigations 
in this laboratory (Yeoman, Dyer and Robertson, 1965; Naik, 1965; 
Robertson, 1966.). 	The change in fresh weight and the increase in 
cell number of explants were followed at daily intervals for 7 days. 
In the second experiment this period was extended to 14 days. 
These experiments form a background to all of the subsequent 
results presented in this thesis. 
the second extended series consisted of experiments of much 
shorter duration. 	They were designed to discover whether there 
was any periodicity in the increase in cell number during the 
first 60 hours after the explants were placed in contact with the 
medium. 	Naik (1965) had suggested that these initial cell 
divisions take place in a send-synchronous manner. 	Lxpiantu were 
harvested at intervals of 2 to 4 hours and ;hanges in the fresh weight 
and cell number were determined. 	In one experiment mitotic 
indices were also examined. 	The possibility that events other than 
cytokinesis take place in a synchronous fashion was considered and 
so the patt.ern of DNA synthesis was exaliuined with the aid of 
















Fig. 5 	Changes in the cell number (.) and 
the fresh weight (U) of explants during 
















Fig. 6 	Changes in the log. 
10 
 cell number during 
0 
growth of explants at 25 C. 
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EXPERIMENT 1 
Earlier investigations performed in this laboratory (Yeoman, 
Dyer and Robertson, 1965; Naik, 1965; Robertson, 1966. ) showed 
that when explants were placed in contact with a nutrient medium 
a proportion of the constituent cells were induced to divide and a 
callus tissue we.' formed. 	This experiment was performed to confirm 
these resuLts. 
Approximately 100 explants were inoculated on to agar medium 
and , at daily intervals, 5 explants were harvesttd at random, their 
fresh weights recorded and these groups of ) explants were then 
macerated for cell number determinations. 
Cell number. 	(Fig. 5 ) 
For the first 2 to 3 days there was no detectable increase in 
cell number, which was approximately lj,000 cells per explant. 
This period will be defined as the lag phase. 	Subsequently there 
was a marked increase which continued until the end of the 
experiment, when the number of cells per explant had reached 141,000. 
In Fig.€ the log 10 of the cell number has been plotted against time. 
It is clear from these results that after a lab phase of approximately 
2 days the increase in cell number followed an exponential course. 
Fresh weight. 	(Fig. 5 
The fresh weight showed no increase during the first. 3 days. 
The day 0 value was probably low due to some loss of water when the 
experiment wa set up. 	Between day 3 and day5, however, theLe 
was an increase in fresh weight and this increase eontinudd 
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throughout the rest of this experiment. This rateof increase was 
far less than the rate of jicrease in cell number. 
It has been shown that after the explants were placed in contact 
with the medium there was a period when there was no increase in cell 
number or fresh weight. Sometime between 2 and 3 days divisions 
began and the cell number rapidly increased and continued to do so 
until the end of the experiment. The change in fresh weight 
followed a similar pattern. 
EXPERIMENT 2 
In the previous experiment the cell number values were obtained 
by maceration of groups of 5 explants. 	It is important to Lnow 
whether each explant makes an equal contribution to the cell numbers of 
the groups of explants. 	The experiment was designed to examine the 
change in fresh weight and the cell number which accompanies the 
growth of explants over a period of 14 days and to examine the 
degree of variation in the growth response of individual explants. 
Explants were inoculated on to the medium and harvested at 
daily intervals. 	Instead of placing 5 explants into 2n1. of chromic 
acid for maceration, single explants were placed into O.lnnl. of chromic 
acid and when necessary diluted after maceration to a suitable 
concentration to: counting (100 - 150 cells per 3.2sl). 
Cell number. 	(Fig. 7 ) 





Fig 7 Changes in the ccll number tauring tthe4 t growth 
of explants at 25 0C. The 90% confidence limits 
are Indicatt&' 
- Days 	 - 
Fig. 8 Changes in the fresh weight during the growth 
of explants at 25 °C. 	The 90t confidence 
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with the 90 confidence limits indicated. 	The lag phase lasted 
for between 1 and 2 days. 	By day 2 the cell number had increased 
and it continued to increase rapidly throughout the experimental 
period, reaching 800,000 cells per explant by day lie. 	As can be 
seen the variation in cell numbers between explants was small. 
Fresh weight. 	(Fig. 8 
In the figure the points represent the mean value for 5 
explants and the 90% confidence limits are indicated. 	There was 
only a small increase in weight over the first 2 days but .thereaiter 
there was a rapid increase hicb continued throutbout the experimental 
period. 	This rate of increase appeared to be linear between day 2 
and day 14, 	It was apparent that the variation between individual 
explants was small. 
Thus, as has been shown (Yeoman, Dyer and Robertson, 1965; 
Robertson, 1966,) when explants of artichoke tissue are placed in 
contact with a nutrient medium the cells are induced to divide and 
these divisions continue for at least 14 days. 	the growth response 
of the individual explants, in terms of fresh weight and cell number, 
is fairly constant. 
EXPERIMENT $ 
Some observations of Naik (196 5 ) led hin to suggest the 
possibility that the early cell divisions of the explant do not occur 
uniformly witt time and that, initially, the cell number increased 
in a Gt9—like manner. 	This experiment was designed to examine 
Hours 
Fig. 9 Changes in the cell number of explants 
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this early stage in more detail. 	Instead of daily harvests 
explants were sampled at intervals as short as 2 hours, 	Grotps 
of 5 explants were macerated and the cell number determined. 
Cell number. 	(Fig. 9 ) 
There appeared to be no increase in cell number during the 
first 32 hours of culture but thereafter the cell number rose steadily 
until 36 hours. 	During the nest & hours the cell number remained 
approximately constant but by 50 hours the cell number had again 
started to increase, reaching 77,000 cells per explant by 53 hours. 
Between 52 hours and 63 hours the cell numbers again a2peared to 
regain constant. 	These results suggest that when cell division taLes 
place, after a lag phase of several hours, it does so in a semi-
synchronous fashion and that in this first wave of cell division 
approximately 57% of the cells divide. 	After a period (plateau 
phase) when,i there are few cell divisions another wave of cell 
division takes place. 	Since there was no sample between 40 hours 
and uS hours it was riot possible to detenaine the time of onset of 
the second division. 	There was, however, an anomally in this 
experiment in that during the second wave of division there was 
approximately a 200',&increase in cell number. 	This interpretation 
hinges on the 53 hours sample. 	Should this be an over estimation 
of cell number this data would be easier to interpret. The second 
wave of division would bring the cell number to 59,000 at 50 hours, 
representing approximately 100% increase, and by 63 hours the onset 
















Fig. 11 Changes in the fresh weight of explants 
grown at 25 0C. 
Hours 
Fig. 10 Changes in the cell numbbe: of explants 
grown at 250iC. 
I, 
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From this data it would appeat that alter a lag phase of 32 hours 
a proportion of the cells in the explant divide and the increase in 
cell number takes place in a step—wise fashion, suggeuting the 
occurance of synchronous cell divisions. 
AxPlcalr4ENT 4 
In order to accumulate more conclusive evidence for the occurance 
of synchronous divisions the previous experiment was repeated. 	in 
addition the fresh weight of the explants was deternined. 
Cell number. 	(Fig. 10) 
During the first 36 hours there was no increase in cell number 
but between 36 hours and 38 hours an increase occured, which raised 
the cell number from approximately 17,000 to 28,000 cells per explant, 
an increase of 	For the next 10 hours no increase in cell 
number was detected but by 52 hours active cell divisions had been 
resumed. 
Fresh weight. 	(Fig. ii) 
It would appear that at some time during the first 22* hours 
there was a slight fall in the fresh weight of the explants. 
almost 
Between 22* hours and 2*0 hours the fresh weight remained/constant 
but after 2*0 hours a gradual increase bdcame apparent. 	There was 
no suggestion of a step—vise increase in fresh weight, in fact, 
during the first wave of division the fresh weight remained 
approximately constant. 	At 60 hours the cell number had increased 
by l8W.whereas the fresh weight had increased by ll, indicating 
- 	 - 
that although cell division was very active, cell expansion WAS not. 
The cell number increased in a step—like manner. The first 
increases occurred between 36 hours and 38 hours and amounted to a 
rise of 65% whilst the second occurred after 49 hours. 	These results 
provide further evidence for the occurance of a synchronous wave of 
division. 
The fresh weight increased only slightly during the lag phase 
and first slave of division. It would seem that initially in this 
system cell divien is more active than cell expansion. 
EXPERIMENT 5 
The previous two experiments have provided some evidence of 
synchronous cell divisions taking place in the developing callus tissue. 
This synchrony may be present at two different levels, the degree of 
synchrony exhibited by the population of cells within an explant and u 
the synchrony which exists between explants. When groups of 5 
explants are macerated together it is impossible to determine whether 
the increase in cell number is due to one explant dividing actively or 
whether all the explants contribute equally to the increase. This 
point can only be settled by the examination of the cell number in 
individual explants. This experiment was designed to examine the degree 
of synchrony between individual explants. 
Explants were gfown on solid nutrient medium and harvested at 
intervals. Single explants were placed in 0.4tal. of chronic acid 










Fig.1 2 Changes in the number of cells (.), "pairs" () and 
products of the second division (-) in individual explants 
during growth at 2 5 0 c. 	The mean values of the change in the 
cell number (I) and "pairs" (o) are indicated as well as the 
base number (o). 
SIC 
Cell number. 	(rig. 12 ) 
In Fig. 12 each point represents the cell number of an individual 
explant. 	The wean values have been determined and a curve has been 
drawn through these values. 	Except at zero hours and 12 hours the 
variation in cell numbers between explants is high, although some 
inferences can be drawn from the data. 	There appeared to be a 
rapid rise in the cell number, of about 60%, between 29 and 33 
hours but between 33 hours and 43 hours the rate of cell number 
increase was much slower. 	After 43 hours a second rapid increase 
took place. 	it was noticed, whilst counting cells, that newly 
divided cells could be distinguished from thosewhichthSd not 
divided. 	The daughter protoplasts tesultUg Iron, a division were 
separated only by a very thin cell wall and were retained within 
the envelope of the parent wall. 	The maceration technique did 
not separate these "pairs" of cells. 	by counting the "pairs" p.fr 
gells,.a measure of the amount of division which had occurred in 
the population could be obtained. 	The number of "pairs" per explant 
is also shown in Fig. 12 • 	No "pairs" were apparent at zero time 
and at 12 hours but by 29 hours they were apparent in one explant 
but not in the other four, 	between 29 and 33 hours the number of 
"pairs" per explant increased rapidly but between 42 and Jib hours, 
although the number of "pairs" still appeared to be rising, the 
rite was much slower. 	At 43 hours the results of the second division 
appeared in the macerate. 	These "pairs" which had undergone 
division could be distinguished from "pairs" which had not yet 
divided. 
If the mean value for this number of "pairs" is subtracted 
n 
from the mean value of the total cell number at the corresponding 
time the base number is obtained. 	This is the number of cells 
present before an2y cell division has occurred. 	These base numbers 
have been plotted in Fig. 12 and are in agreement with the values 
obtained at zero time and 12 hours. 
The wide variation between replicate values in this experiment 
was disappointing. 	In terms of the total cell number this vatiation 
might be due, in part, to the fact that 0.4ml. of maceration fitid 
was not sufficient for good replication. 	The loss of a small 
quantity of liquid would atuount to a fairly high perceAtage loss in 
terms of the total volume. 	A larger volume, however, was not 
possible since it is desirable to have at least approximately 100 
cells on the baemocytometer slide in order to obtain a statistically 
valid count. 
The data can be interpreted, however, in terms of two waves of 
division separated by a period when the cell division was reduced 
although still taking place. 	The time of onset of each wave of cell 
division in different explants shows a measure of agreement. 	Also 
the propottion of cells in each explant, which have undergene 
division at a given time, show a fair measure of agreement. 
After a lag phase of 29 hours the cell number began to increase 
and during the next 4 hours 60% of the cells divided. 	In the fell— 
owing S hours the cell number increased only slowly. 	After 42 hours 
a further rapid increase occurred. 	These results provide strong 
evidence for the occurrence of two waves of synchronous division. 
" Pairs " of cells appear with increasing frequency in the 
macerates of explants after 29 hours, 	it would seem that the 
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onset of division occurs at approximately the sarae time for each 
explant and the proportion of "pairs' within the explants at a 
given time was similar, 	Thus, between exilants there appears to 
be a moderate level of synchrony. 
EXPERIMENT 6 
The cell number data so far preseuted have been interpreted as 
evidence for two waves of synchronous cell division in the developing 
callus. 	It was, therefore, possible that parameters other than 
cell number would also increase in a synchronous fashion. 	it 
has been shown (Partanen, 1959; Naik, 1965; Mitchell, 1967) that 
all the cells in the mature artichoke tuber contain the 2C value 
of DNA. 	ThUs, before cell division can occur DNA syntiesi5 rust 
taa place and possibly this synthesis would occur with a certain 
degree of synebtony. 	This experiment was designed to determine 
the time of onset of DNA synthesis in individual cells. 
Explants were inoculated onto the nutrient medium, solidified 
with agar containing luCurie/mi. of tritiated thymidine. 	Explants 
were harvested at intervals during the culture period and auto—
radiographs prepared as described on the section on Methods(pp 23 j.  
The number of labdlled nuclei in each section wa recorded. 
Lxplants were also harvested for cell number determinations. 
In view of the known harmful effects of tadiatiob upon living 
cells (Post and klofifcian, 1961) and since the explants were exposed 
continuously to the radioactive isotope throughout the period of 












Fig. 13 Changes in the number of cells (A) and "pairs" () 
of explants cultured in the presence of radioactive 
isotope. 	Changes in the number of cells (*.).and 
"pairs" o) of explants cultured on non-radioacitve 
medium. 
- 110 - 
in some way. 	This might lead to a change in the length of the lag 
phase or in the proportion of dividing cells. 	Accordingly explants 
obtained from the same tuber were grown on non—radioactive medium 
and the length of the lag phase and the proportion of dividing cells 
determined by examining the changes in the cell number during the 
period of culture. 
Cell number. 	(Fig. 13 ) 
The cell number remainstconstant for the first 30 hours of 
culture but during the nut 8 hours there was an increase which 
amounted to about 69%. Between 38 hours and 46 hours the cell 
number increased only slightly. 
The cell numbers determined for explants which had grown on 
non—radioactive medium are also shown in Fig. 13 • 	The pattern 
of change was the same as that for the explants grown in the 
presence of tr*iated thymidine except that throughout the cell 
number appearto be slightly lower. 	This was possibly due tea 
failure to randomise the population of explants before inoculation 
on to the medium. 	The percentage increase in cell number was 
approximately the same and so apparently was the time of onset of 
division. 
The increase in the number of "pairs" in explants grown on 
radioactive and non—radioactive medium is shown in Fig.13 
The pattern of increase was the same in both cases. 	"Pairs" were 
not recorded at 30 hours but by 38 hours were present to the extent 
of 6,000 per explant. 	The number of "pairs" increased rapidly 










Fig. 14 Changes in the proportion of labelled nuclei in 
sections of explants grown at 25 °C. 
- 1&l - 
Proportion of labelled nuclei 	(l"ig.14 	) 
There appears to be a steady rise in the proportion of labelled 
nuclei between 12 and 22 hours of culture. Between 22 hours and 30 
hours the proportion remained constant at about O% but by 38 hours the 
proportion of labelled nuclei had once again, increased. 	In the earliest 
samples at 8 and 10 hours there appeared to be approximately 5% to 10% 
labelled nuclei. 	The labelling, however, was only slight and although 
the background was not high it was sufficient to make the separation 
between labelled and unlabelled nuclei difficult at these'times.L 	Li 
Thus, these early results must be interpreted with caution. As the 
experiment progressed this separation became easier. 	It would seem, 
therefore, that approximately O% of the cells initiated DNA synthesis 
between 12 and 22 hours but between 22 hours and the onset of division 
at approximately 30 hours few, if any, cells begin DNA synthesis. 
The second increase in the Proportion of labelled cells occurred 
after cell division and was the result of the division of these labelled 
cells. 	The time interval during which the nuclei became labelled and 
thus initiated DNA synthesis was approximately 10 hours whilst the 
interval during which the population of cells divided was a maximum of 
8 hours, 	The small difference might be explained by the tact that 
cell division is a far easier and more distinct event to observe than 
the gradual accumulation of labelled material within the nucleus. 
It has been noted that some 60% of the cells undergo division 
whereas an examination of sections indicates that only io% of the cells 
undertake synthesis. 	This discrepancy can be explained since the 
initial cell divisions were found to take place in the outer layers of 
the explant (Yeoman, Dyer and Robertson, 1965) and these Libelled 
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nuclei also )occurred predominantly in the outer layers. 	The ends of 
the explants account for a considerable proportion of the surface, 
Thus any predictions of the proportion of dividing cells, arrived at 
from an examination of transverse sections cut from the centre of the 
explant, would lead to an underestimate. 	It would seem likely, 
therefore that all the cells which initiate DNA synthesis also 
undertake division. 
It seems that DNA synthesis also occurs with a certain degree of 
synchrony. 	Between 12 hours and 22 hours some O% of the nuclei became 
labelled and thus initiate4 DNA synthesis. 	In the subsequent S hours 
no increase in labelled nuclei was detected. Also it appears that 
all the cells which began DA synthesis subsequently divided in the 
fjrstwave of division. 
EXPERIMENT 7 
During the course of the previous experiments it was discovered 
that newly divided cells ( " pairs " ) could readily be distinguished from 
non—divided cells. 	By counting these "pairs" an accurate measure of 
the extent to which division has occurred in an explant at any given 
time can be obtained. 	This experiment ws designed to investigat.e 
the development of these "pairs" in more detail, 
Explants were inoculated on to the agar medium, samples taken at 
intervals and groups of 5 explants macerated and counts made of the 
total cell number and of cells resulting from the first aud second 










Fig. 15 Changes in the number of cells (•), "pairs" (o), 
"fours"(A) and the base number (0)  during growth 
0, C of exjilants at 25 . 
- ½3 - 
Cell number. 	(Fig. 15 ) 
The onset of division was earlier than anticipated, prior 
to 24 hours, and samples were, unfortunately, taken at close 
intervals only from 24 hours, 	in view of this the total cell 
number data can only be interpreted satisfactorily in conjunction 
with the data obtained for the pairs"count. 	Thus it would seem 
that the lag pbase, tasted slightly less than 24 hours. 	An abrupt 
increase of about /iQ% in the cell number occurred between approxim- 
ately 22 hours and 26 hours. 	For the subsequent 6 hours the cell 
number remained constant before increasing sharply again between 
32 hours and kO hours. 	This second increase amounted to 52. 
A second. plateau in the cell numbers occurred from 40 hours to 
44 hours before yet another increase occurred. 
Cell "pairs" were present at 24 hours and their numbers 
increased until 26 hours. 	For the next 10 hours only a very slight 
increase was detected but by 38 hours a further increase may have 
occurred. 
The cells resulting from the second division appeared in the 
macerates, after 30 hours a.d their number increased rapidly for 
the next B hours. 	For simplicity these cells will be called 
"fours" although it must be pointed out that not always do both 
the cells in the "pair" divide. 	When only one member of the 
"pair" divides a group of 3 cells is fortied. 	The base numbers 
obtained by subtracting the number of "pairs" and "foura" from the 
total cell number are also shown in Fig.15 and are in arcewent 



















Fig, 16 Changes in the number of cells (•), "pairs" (0), 
"fours" (A)  and the base number (a) during the 
growth of explants at 25°C. 
- 44 - 
A period of cell division during which 40% of the cells 
divided took place after a lag phase of about 22 hours. 	This was 
followed by a period lasting 5 hours when cell divisions were few. 
Then a further wave of cell division occurred when 52; of the cells 
divided and this was followed by another plateau in cell number. 
Finally, another period of active cell division was initiated. 
"Pairs" appeared in the macerate at the time of the first wave of 
division whilst "fours" appeared at the time of the second wave. 
EXPERIMENT 8 
In the experiments so tar reported it is apparent that the 
length of the lag phase and the proportion of cells entering into 
division varies. 	This experiment was designed to gain further 
information about the length of the lag phase and the proportion 
of cells dividing in the first wave of division as well as further 
evidence of the occurance of synchronous waves of division. 	This 
experiment was set up in the same manner as Experiment 7 and 
samples were taken for cell number determinations at various time 
intervals. 
Cell number. 	(Fig. 16 / 
The lag phase, which lasted about 2U hours, was followed during 
the next 4 hours by a rapid increase in cell numbers. 	This increase 
amounted to 40%. 	The period of increase gave way to the first 
plateau phase which lasted approximately 5 hours, 	After 29 hours 
a further rapid increase in total cell numbers took place. 
- 1+ 5 - 
The number of "pain" increased sharply between 20 and 22 hours 
but in the subsequent 7 hours they only icreased slightly. After 
30 hours a further increase in "pairs' seems to have occurred, 
The "tours" appeared it 29 hours, approximately 9 hours after 
the first jppearance of "pairs" and during the next 4 hours they 
increased markedly, but in the following 3 hours they remained constant. 
Taking this result into consideration the total tell numbers at 33 and 
6 hours should I ormapart of a plateau after the second wave of division. 
During the second wave of division about 90 of the cells divided, 
After a lag phase of 20 hours two waves of synchronous cell 
division took place which were separated by a period of approximately 
5 hours when there were few cell divisions. 	In the first wave 40% 
of the cells divided whilst in the second the proportion was 90%. 
In all the experiments so far described the explants have been 
cultured on a medium solidified with agar. 	It was felt that a method 
of culturing the explants in a liquid medium would be a valuable 
development, for a number of reasons. 
It takes over an hour to mount approximately 100 explants on 
to the agár medium. The iapse of time during which the first and the 
last explants come into contact iith the medium may Dave the effedt 
of reducing the level of synchrony. 	If a method could be devised 
in which all of the e4ants are brought into contact with the 
medium simultaneously this difficulty would be overcome. 
Using the present system a large experiment, involving approx-
imately 500 explants, would be?racticable as it would take 5 hours to 
set up. 
- 	 - 
At the same time during an experiment it might prove 
desirable to add either inhibitors of radièactive tracers to the 
medium. 	This could only be done conveniently if a liquid medium 
was used. 
In the agar system only one side of the explant is in 
contact with the nutrient medium and this may give rise to a gradient 
of materials across the explant. 	This might have the effect of 
causing some cells to divide earlier than others. 
Thus a method was devised which consisted of a lQOml. conical 
flask with a quantity of medium which was stirred by a metal bar, 
enclosed in glass, rotated by a revolving magnet below the flask. 
In this way the medium was aerated and the development of concentration 
gradients within the medium prevented. Using this method large 
numbers of explants could be mounted almost simultaneously. 
LXPERIMENT 9 
Certain considerations were taken into account in the design 
of this liquid system. 	In order that there could be a ready 
diffusion of oxygen into the medium and carbon dioxide out of the 
medium a high surface to volume ration was required. 	This could be 
achieved by using only a shallow depth of liquid. 	At the same time, 
however, the depth had to be sufficient to completely immerse the 
rotating bar otherwise "frothing" occurred and the expltsnts were 
damaged. 	15 ml. of the medium was found to be a suitable volume. 
It may be that this volume of nutrient medium is only sufficient 
to support the growth of a limited number of explants. 	Accordingly, 
this experiment was designed to discover whether there was, in fact, 
Table 8 
	
Time in 	Number of explants in the flask 
hours 100 	 50 	 25 
27 	 3698 	 54•5 
50 	 3407 	 564 	 391 
The number of explants in the flask and the proportion 
of cells in the first wave of division. Experiment 9. 
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an optimum number of explants for this volume of medium. 	Since 
the major interest of this investigation is the first wave of 
division, the criterion upon which this point was assessed was the 
propottion of cells entering this first wave of division. 
Three lOOml. conical flasks, each containing 15m1. of medium 
were inoculated with 100 explants, 50 explants and 25 explants 
respectively. 	Samples were harvested on two occasions at the time 
of the, plateau phase in cell numbers. 	The percentage of dividing 
cells was determined in each case. 	This percentage was obtained 
by scoring " pairs "  and subtracting them from the total cell number 
to obtain the base number and then expressing the number of "pairs" 
as a percentage of this base number. 	The results are shown in 
Table S • 	It appeats that essentially the same number of cells 
enter the first wave of division in all three cases. 	Therefore, 
the proportion of dividing cells in the first wave of division is 
not limited by the ratio of explants to medium in the rune from 
1 explant to u.6m1., to 1 explant to U,15m1.. 
EXPERIMENT 10 
In the previous experiment it was established that 100 explants 
can be cultured in 15 ml. of medium in a lOCal. cotical flash 
without reducing the proportion of cells entering the first wave of 
division. 	It has yet to be established, however, that explants 
cultured in the liquid medium exhibit a similar degree of synchrony 
to explants cultured on the solid medium. 	This experiment was 













Fig. 17 Changes in the cell number (e) of explants grown at 250C. 
cultured in this liquid medium. 
Approximately 100 explants were cultured in a conical flask 
containing 15 ml. of medium and stirred in the manner aireudy 
described and samples were taken for cdli number determinations at 
various times during the period of culture, 
Cell number. 	(Fig,17 ) 
There was a lag phase lasting 20 hours followed by a period 
lasting approximately 5 hours when the cell number increased from 
14,000 to 20,000 cells per explant. 	This was a 42', rise mall 
number. 	The plateau phase lasted approximately 5 hours and it was 
followed by a further period in which the cell number increased 
rapidly. 
Thus it was apparent that the pattern of cell division in explants 
grown in liquid medium was similar to that of explants trown in agar 
medium and the synchronous wave of cell division was still evident. 
LkPLRI?IENT 	11 
In the previous experiment counts were only made of total cell 
numbers and these tata were not sufficiently accurate to assess 
whether the degree of synchrony is enhanced or depressed by cultur-
ing explants in liquid medium. 	In this experiment tt was intended 
to examine the pattern of cell divisiou 1 counting both total numbers 
and the number of "pairs.' 
Explants were cultured in the same way as in the previous 
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Fig. 18 Changes in the number of cells (•), "pairs" (o) and 
"fours" (A) during the growth of explants at 25 °C. 
Cc 
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Cell number. 	(Fig.18 ) 
The lag phase lasted t) hours and was followed, over the 
subsequent 6 hours, by a rapid increase in the total cell numbers 
per explant. 	This increase amounted to about 50$. 	At25 hours the 
cell number remained approximately constant. 
"Pairs" first appeared in tue macerate at ii hours and their 
numbers rapidly increased until ?4 hours. 	Thereafter the number 
remained tittually constant. 	t 32 hours "fours" were first 
observed, 12 hours after the first appearance of "pairs." 
The hag phase, lasting 19, hours, was followed by a wave of cell 
division lasting 6 hours during which 50 of the cells divide. 	For 
the next 7  hours cell divisions were rarely detected. 	The degree 
of synchrony in the liquid system appears to be as good as that 
exhibited by explants grown on solid medium. 
EXPERIMENT 12 
Prior to any synchronous increase inccdll numbers one would 
expect to find a peak of mitotic index. 	In earlier experiments 
attempts had been made to examine the mitotic index but these had 
been frustrated by the weak intensity of Feulgen Stain of the 
nuclei. 	Subsequently, it was noticed (Mitchell, 1967) that if 
the explants were allowed to stand in distilled water for at least 
an hour after removal from the Feulgen Stain a much deeper intensity 
of colour was obtained. 	This present experiment was designed to 
examine the changes in the mitotic index in relation to the changes 











Fig. 19 Changes in the number of cells (.), "pairs" (0), 
"fours°(t) and the base number (0) during growth 
0 










Fig. 20 Changes in the mitotic index (v), the percentage 
of" pairs" (o)and the percentage of "fei'rs" (.) 
during, the growth of explants at 250C. 
- 50 - 
!xplants were cultured in a conical flask and barvested at 
frequent intervals. 	Some were macerated for cell number 
determinations whilst others were fixed, stained, squashed and 
examined for the frequency of mitotic figures. 
Cell number. 	(Fig. 19 
The lag phase was maintained for approximately 23 hours. 	This 
was followed by a period.of cell division lasting between 7 and 8 
hours, during which the number of cells per explant rose from 
approximately 19,000 cells to approximately 26,000 cells, an 
increase of 35%. 	This period was in turn followed by a plateau 
phase lasting at least 8 hours 
No "pairs" were recorded in the macerate at 22 hours but they 
were observed at 21* hours aM their frequency increased steadily 
until shortly after 29 hours. 	From then until the end of the 
experiment, at 1*0 hours, the number of "pairs" remained approximately 
constant. 	"Fours" were first observed at 38 hours, Ui hours after 
the first appearance of "pairs." 	When the number of "pairs" was 
subtracted from the total cell numbers the base number was obtained 
and these values are in good agreement with the zero time values. 
Mitotic index. 	(Fig. 20 
No mitotic figures were observed at 12 hours but by 18 hours 
they were recorded and for the next 6 hours there was a rapid rise 
in their frequency to a peak value of about 18. at 21* hours. 
After 21* hours, however, their frequency declined steadily until 
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Fig. 21 Changes in the prophase index of explants 
grown at 25°C. 
L 
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further rise was observed, reaching a short plateau of approximately 
9% between 37 and 40 hours, 
In the Figure the mitotic index for each individual explant has 
been plotted and the agreement between the replicates is high, which 
indicates that there must be a considerable degree of synchrony 
between explants. 
In figure 20 the percentage frequency of "pairs" is also plotted. 
The period of rapid increase in the percentage of "pairs" takes place 
after the peak of mitotic index has been feached. 	The second rise 
in mitotic index precedes the appearance of "fours." 
When scoring the frequency of mitotic figures the occurance of 
prophase, metaphase, anaphase and telophase figures were recorded 
separately. 	The change in the prophase index with the time is 
stown in Pig. 21 . 	The frequency was low at 18 hours but rose 
rapidly to a peak at 24 hours before decling to a low value at 32 
hours. 	For the second wave of division, however, no distinct 
pattern could be discerned. 
After a lag phase of 23 hours there was a wave of cell division 
during which 35.' of the cells in the explant divided. the mitotic 
index rose to a peak value of 18% at the time of onset of the period 
of rapid increase in cell numbers. From this peak the index fell 
to around 2.8%. 	This corresponded to tie eatly plateau phase in 
cell numbers. 	The mitotic index hevek fell to zero suggesting 
that during the plateau phase there was a very gradual increase in 
cell numbers. 	The index increased again just before the appearance 
of "fours" which herald the onset of the second wave of division. 






Fig. 22 Changes in the proportion of "pairs" during the 
growth of explants isolated from tuber A (ti) 
and tuber II (0). 
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against time and a curve similar in shape to the total mitotic 
index curve was obtained. 
These changes in the mitotic index provide evidence of a 
considerable degree of synchrony of cell division within the e 
explant. 	The agreement between replicate samples indicated that 
there is also a considerable degree of synchrony between explants. 
EXPERIMENT 13 
In the experiments so far described a fresh tuber has been 
used and all the explants in the experiment have been excised from 
it. 	In an experiment requiring more than 200 explants it would 
be necessary to use more than one tuber. 	There may be a difficulty 
here, however, as in the results so far described the length of the 
lag phase and the percentage of cells which divide in the first 
andsecond waves of division, vary slightly from experinent to 
experiment. 	The experiment was designed to find out whether 
explants isolated from different tubers, but from the same plant, 
behaved in the same way with respect to the leoStli of the lag phase 
and the number of cells entering 'ditision. 
Two tubers, A and 3, were used. 	The explants from each tuber 
were grown separately in conical flasks and harvested at intervals 
for cell number determinations. The flasks were marked A and B. 
The percentage of 1'1!!ILQL" 
	
(Fig. 22 ) 
The results were expressed as a percentuge of "pairs" per 
explant. 	The groups of explants were harvested alternately from 
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each flask. 	When the percentage of "pairs" was plotted against 
time for each sample it was noted that a smooth curve could pass 
near to or through all the values.obtained for explants from tuber 
A and those from tuber B. 	"Pairs" were not detected before 24 
hours but at that time they were present to the extent of 1 3'ft. 
During the next 9 hours the proportion steadily increased until 
it reached about 45%. 	Thus the lag phase appears to be the sane 
length, approximately 21 hours, and approximately the dame number 
of cells enter division, a maximum of 45. 	The original number 
of cells in the explant from tuber A was 18,000 and from tuber Is, 
19,000. 
This data suggests that more than one tuber may be used as a 
source of explants, provided it comes from the same plan t, and 
paves the way for larger experiments. 
CONCLUSIONS 
The following conclusions can be drawn from the experimental 
data so far presented. 
When the explants are placed in contact with a nutrient medium 
cells are induced to divide and these divisions continue for at 
least 14 days on agar medium. 	During this time the gruwth response 
in different explants is very uniform. 	After the lag phase the 
increase in tell number appears to be logarithmic, until day 7. 
Divisions, however, do not occur immediately the tissue comes into 
contact with the medium but are initiated after a period of tie 
which varies between 20 and 36 hours. 	The initial cell divisions 
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do not occur uniforMly with time but take place in a semi-
synchronous fashion producing at least two waves Of division 
separated by a period in which only a few- cells divide. 	Not all 
the cells in the explant divide in the first wave of division, 
the proportion varying between 35)o and 60 9 depending in the 
experiment, 	in the second wave of division the proportion of 
dividing cells is more variable a'd appears to range between 30 
and 90. 	This second wave of division starts between 9 and 14 
hours alter the start of the first wave of division and appears to 
be independent of the length of the lag phase. 
The behaviour of explants growing in liquid inediu is 
essentially the same as those grown on agar Lediuin, at least over 
the early period of growth. 
There is a peak of mitotic index shortly before the period of 
most rapid increase in cell number. 	A second, much less well 
defined peak occurrs some hours later preceding the second increase 
in cell nw;ibers. 	Thus the inherent synchrony of cell division 
rapidly declines. 
Explants isolated from different tubers of the same plant 
appear to behave in the same way, with reppect to the length of the 
lag phase and the number of cells entering the first wave of division. 
The onset of DNA synthesis also appears to take place in a semi-
synchronous fashion and it would appear that most of the cells 
initiating DNA synthesis subsequently divide during the first wave 
of cell division. 
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EXPERIMENTAL RESULTS 
SECTION 	II 
It has been demonstrated earlier that when exjdants are placed 
in contact with a nutrient medium a proportion of the constituent 
cells are induced to divide in asynchronous manner. 	The degree 
of synchrony inherent in these explants, is sufficient to provide 
an admitable system for the examinition of two basic and little 
understOod phenomena; 	the induction of cell division and the 
metabolic events which precede mitosis. 	Experiments described in 
this section were performed to discover the major changes which take 
place in the explants in terms of protein and nucleic acid content 
and the rate of respitation during the lag phase;.in the first and 
in some cases the second cell cycle. 	Accordingly the changes in 
the nitrogen content, including total nitrogen, alcohol insoluble 
nitrogen and 'protein nitrogen, were examined and in one experiment 
the pattern of protein synthesis was studied using a radioactive 
tracer technique. 	The pattern of nucleic acid syntheis was inves- 
tigated directly using chemical procedures and also with the 
assistance of radioactiye tracers. 	The changes in the rate of 
respiration were studied by investigating the changes in the rate 
of oxygen uptake and carbon dioxide,evolution of the tissue. 
EXPERIMENT 14 
During the first 24 hours or so of culture the tissue changes 













Fig. z3  Changes in the total nitrogen content (U) and the 
alcohol insoluble nitrogen content (o) and changes 
in the proportion of "pairs" (0) during growth of 
explants at 2 ,3 0C. 
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from a quiescent condition to one of active cell division. 
Metabolic changes of this type ate normally a reflection of a change 
in the enzyme and thus the protein content of the tissue. 	This 
experiment was performed in an attecipt to detect any changes in the 
Protein content of the tissue over the first 36 hours of growth. 
Accordingly, the alcohol insoluble nitrogen content of the explant 
was analysed at intervals. 	This nitrogen fraction is considered as 
being made up of protein nitrogen and nucleic acid nitrogen but 
since the nucleic acid nitrogen would only represent a small 
proportion the alcohol insoluble nitrogen can noruially be equated 
with protein nitrogen. 	The changes in the total nitrogen content 
of the tissue were also examined, as well as the frequency of cell 
"pairs." 
Two conical flasks containing liquid medium were inoculated 
with approximately 100 explants and during the first 36 hours of 
growth groups of explants were harvested for analysis. 
Proportion of "pairs." 	(Iig. 23 ) 
"Pairs" were not detected in the macerate at 20 hours and 22 
hours but by 24 hours they rpresented approximately 3; of the 
population. 	This proportion steadily increased durin the next 
9 hours, finally reaching a 	level of approximately 43 
at 36 hours. 
Total nitrogen content. 	(Fig. 23) 
During the first 4 hours there appeared to be virtually no 
change in the total nitrogen content. 	Between 4 and 8 hours, 
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however, an increase took place which continued until 12 hours. 
This increase amounted'to 30%. 	Between 12 and 21 hours there .- 
appeared to be no further increase in nitrogen content but between 
21 and 27 hours a second but small increase occurred which raised 
the nitrogen content to yet another constant level. 	The overall 
increase during the experiment was in the region of 1*5%. 
Alcohol insoluble nitrogen content. 	(Fig, 23)-. 
This nitrogen fraction was considered to be made up of nucleic 
acid nitrogen and protein nitrogen but since the protein provides 
the major bulk of this nitrogen, changes in the 'alcohol insoluble 
nitrogen were considered to reflect changes in protein. 	Over the 
first 24 hours there appeared to be no changes in the "alcohol 
insoluble"content which represented approximately 25% of the total 
nitrogen. 	After 21* hours an increase appeared to take place but 
the exact rate and extent of this increase could hot be determined 
satisfactorily owing to the wide variation in values. 
About 43% of the cells divided in a wave of division which 
took place between 24 and 32 hours. 	There was an increase in total 
nitrogen of approximately 1*5% during the lag phLAse and first wave of 
division which occurred in two steps, one large step early in the 
lag phase and a smaller one just before cell division. 	There was 
no detectable increase in alcohol insoluble nitrogen during the lag 
phase but an increase appeared to occur diring and after he wave of 
division. 












Fig. 24 Changes in the number of cells (s), "pairs" (a), "fours" (A) 
and the base number (13) ,,Auring the growth of explants at 25 0C. 
In this and subsequent figures the period of cell 
division is represented by cross. hatching. ILLZLd 










Fig. 25 Changes in the total nitrogen (.) and the alcohol 
insoluble nitrogen (o) content of explants grown 
at 25 °C. 
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EXPEILIMENT 1 5 
In an attempt to gain more precise information concerain6 the 
change in the nitrogen oontent, the previous experiment was repeated. 
There were no modifications except that the changes in the total cell 
numbers were recorded as well as the proportion of "pairs." 
Cell number. 	(Fig. 2' ) 
The cell number appeared to remain constant over the first 16 
hours. 	In contrast, between 18 and 22 hours, there was a rapid 
increase which amounted to approximately 5Th. 	For the next 4 hours 
however, there was no detectable increase in cell number although 
after 26 hours an increase was apparently resumed. 
No "pairs" were detected prior to 18 hours but between 18 anu 22 
hours they appeared with steadily increasijig frequency. 	During 
the subsequent b hours the number of "pairs" remained constant. 
When the number of "pairs" was subtracted from the total cell number 
Lhe base nunber was obtained which was in agreement with the total 
cell number before division commenced. 	
The products of the second 
division appeared sometime between 26 and 28 hours, approximately 
10 hours after the first appearance of "pairs." 
Total cell nitrozefl. 	(Fig. 25 
Duplicate samples were determined at each time and both values 
are plotted in the graph. 	
buring the first 2 hours no increase was 
apparent but between 2 and 6 hours a slight rise was detected but 
subsequently the total nitrogen content remained constant. 	A 
further rise took place between 14 and 18 hours followed by another 
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constant level which was maintained for a further 8 hours, After 
26 hours another inctease was detected. 	The rise in total 
nitrogen content during the lag phase and the first wave of division 
amounted to 45%. 
Alcohol insoluble nitrogen. 	(Fig. 25) 
Over the first 10 hours the alcohol insoluble nitrogen content 
appeared to remain constant. 	Alter 10 hours, however, an increase 
became apparent, the rate of which gradually accelerated. 	Dy the 
end of the experiment period at 30 hours this increase had amounted 
to 92%. 
In this experiment two waves of cell division took place, the first 
between 1$ and 22 hours, which amounted to 3 of the cells undergoing 
division. 	The second wave started at 27 hours, 10 hours after the 
onset of the first. 	The total nitrogen increased in two steps; one 
early in the lag phase and the second just before the wave of cell 
division. 	The overall increase until this wave of division was 45%. 
This result corresponds closely to that obtained for the previous 
experiment. 	During division and the greater part of the second 
interphase the total nitrogen content remained constant. 	There was 
however, an indication that an increase took place during the second 
wave of division. 	No increase was detected during the first 10 
hours in the alcohol insoluble nitrogen but an increase gradually 
became apparent after this time. 
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EXPERIMItN'T 16 
In the previous two experiments the changes in the nitrogen 
content have been examined and in the case of the total nitrogen a 
pattern is discernible. 	The changes in the Ilcohol insoluble 
nitrogen are rather less consistent. 	These changes in protein 
are further examined in Experiment17 but in this experiment the 
investigation was turned to - an examination of the changes in the 
DNA content. 	DNA is recognised to be the hereditary material and 
when a cell divides the DNA in the nucleus is equally distributed 
between the daughter cells. 	Therefore sometime before the onset of 
cell division DNA synthesis must take place, and this synthesis is 
an essential feature of the preparation for cell division. 	Howard 
and Pole (1953) divided the cell cycle into three parts with repect 
to this DNA synthesis. 	Thetperiod before the onset of DNA synthesis 
was called "01," the period of DNA synthesis itself was called the 
"5" phase whilst the term "02" was given to the period between the 
end of "5" and the beginning of the prophase. 	As has been already 
pointed out in Section I all the nuclei in the mature tuber have been 
found to possess the same amount of DNA and this has further been 
shown to be at the 2C level. 	Therefore none of the cells in the 
tuber have begun DNA synthesis in preparation of division. In 
Experiment 	in Section I it was demonstrated that there was a 
measure of synchrony with which the population of cells within the 
explant began DNA synthesis. 	No information was obtained, however, 
about the duration of the "5" phase in that experiment. 
This experiment was designed to examine the time of onset of the 
-j 	





Fig. 26 Changes in the DNA content of explants grown at 25 °C. 
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first period of DNA synthesis and the length of this "S.' phase. 
Explants were grown in liquid medium and 9 groups of 16 explants 
were harvested on 7 different occasions. 
DNA content. 	(Fig. 26 ) 
Each group of explants was brought to the stage of an ether dry 
residue and the nucleic acid was extracted twice with perchloric 
acid giving a final volume of 1.5rn1.. 	0.7m1. of the extract were 
added to l.Inal. of the Burton reagent and after a period of incubation 
the intensity of colour which developed was measured. Standards of 
known quantities of the Calf thymus DNA were prepared for comparison. 
During the first 15 hours there was no increase in DNA content, there 
was possibly even a slight fall. 	ijetween 15 and 25 hours DNA 
synthesis took place and the DNA content rose by approximately 6 5%. 
Thereafter the content remained constant until the end of the 
experiment at 33 hours. 	The duplicate samples were in good agreement. 
Unfortunately, however, no cell number determinations were performed. 
DNA synthesis did not begin until after 15 hours of culture but 
when it did it lasted for 10 hours and resulted in a 65.. increase in 
DNA per explant. 
EXPERIMENT ti 
In order to gain further information the parameters already 
studied were re—examined in a single large experiment. 	This allows 
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Fig. 27 	Changes in the number of cells (e), "pairs' (0), 
"fours" (A) and base cell number (fl) during the 
growth of explants at 25 °C.. 
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decisively. 	The changes in the total nitrogen, the DNA and the 
total nucleic acid,as well as the change in cell number, were 
followed. 	Instead of the alcohol insoluble nitrogen, however, the 
" protein " nitrogen was examined. 	This is the nitrogen which remains 
after the nucleic acids have been extracted and represents the acid 
resistant protein. 
Approximately 100 explants were added to each of 3 conical 
flasks containing liquid medium. 	At intervals explants were 
harvested and subsequently analysed for cell number, the proportion 
of "pairs," total nitrogen content, DNA content, total nucleic acid 
content and acid resistant "protein.:' 
Cell number. 	(Fig. 27 ) 
Although in this experiment there was a fairly wide variation in 
the values br total cell numbers it would appear that the number 
remained constant during the first 20 hours. 	Between 20 and 26 
hours, however, the cell number increased by approximately 36t, 
whereas from 26 hours to the end of the experiment at 33 hours the 
cell number once again remained constant. 
"Pairs" were not apparent in the macerate at 18 hours but a 
small number was present at 20 hours. 	Subsequently the number 
steadily increased until approximately 27 hours. 	Thereafter 
the number of "pairs" remained constant. 	At 33 hours a few of 
frbe cells resulting from the second division were apparent. 	This 
was approximately 13 hours after the first appearance of "pairs." 









Fig-28 	Changes in the DNA content of explants grown at 25°C. 
a 
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DNA content. 	(Fig, 28 ) 
The DNA from groups of 12 explants was extracted with 2 volumes 
of perchioric acid which when added together gave a total of 1.4 ml.. 
0.8m1. of this extract was treated with 1.6m1. of )Jurton reagent 
and the intensity of colour which was developed was recorded. 
Although there was a certain amount of variation in the values they 
were consistent enough for various trends to be discernible. 	There 
appeared to be a fall in DNA concnt over the first 8 hours of culture. 
Shortly after 10 hours DNA synthesis was inititated and the content 
rose steadily for about the next 11 hours. 	At 22 hours a plateau 
appeared to have been reached which lasted until 28 hours. 	Between 
28 and 30 hours there was a very rapid increase in the amount of DNA 
per explant. Beyond 30 hours, however, a further period of constant 
DNA content was recorded, Therefore it would seem that the first 
"B" phase was initiated 10 hours alter the beginning of culture and 
was about 11 hours in length. 	The first wave of cell division 
occurred between 20 and a6 hours but the DNA content continued to 
increase until approximately 21 hours. 	It would seem that if there 
was a G2 phase it must have been very short. 
Taking the DNA content of zero time tissue as a Btartin6 point 
the DNA content increased by about 55 by the time of the first wave 
of division whereas if the DNA content per explant at the beginning 
of the "S" phase was taken tp a starting point the increase in DNA 
was in the region of 80k.. 	Mitchell (1967) has shown that only those 
cells which divide in the first wave of division undertake DNA 
synthesis, and since in this cpettment only 36% of the cells divided 
23 
10 
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Fig. 29  Changes in the total nucleic acid content of 
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it is difficult to reconcile this to the large increases recorded 
for DNA. 	The fall In DNA is most probably the result of autolysis 
of the damaged cells on the outside of the explant. 	Ultimately 
this results in empty cell walls. 	In the cell counting technique 
these empty cells are recorded so any cell number increase is based 
upon the total number of cells present rather than only on those 
which are viable. 	Thus the cell number increase must be compared 
with the DNA increase from zero time rather than from the beginning 
of the "S" phase. 	Nonethe less there is still a difference of 
almost 20. 
If the second cell cycle is considered as beginning at the 
first appearance of "pairs" and ending at the first appearance of 
the products of the second division then it was about 13 hours in 
length. 	The "S"phase for this second wave of division started at 
about 8 hours after the beginning of the cycle and was much shorter 
in duration than the first "8" phase, it being approximately 3 
hours long. 	This would suggest that there was a 02 period of 
some 2 to 3 hours. 
Total nucleic acid. 	(Fig. 29 ) 
A sample of the acid hydrolysate was diluted and the optical 
density of the sample measured at 235w4 and 260w. 	During the 
first 2 hours there seemed to be a sudden fall in total nucleic 
acid content but for the next 10 hours the content remained 
-I 
	
constant. 	Between 12 and 15 hours an abrupt increase took place 
which was followed by a short plateau which was reached by 24 hours. 
After approximately 4 hours a further increase took place. 	The 
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first increase of approximately 58% occurred shortly after halt way 
through the lag phase in cell number and at about the beginning of 
the "S" phase. Whereas the second increase, which amounted to 
24%, occurred after the end of the "S' phase and coincided with the 
period of most active division. 	The third increase took place 
half way through the plateau phase in cell number. 	If the 
proportion of DNA was small compared to the total nucleic acid, as 
seems probable, then the changes recorded here would be attributed to 
changes in the RNA content and in all probability to the ribosomal 
ItNA. 	In this connection Fraser (1967) has estimated that DNA 
represents between lL and 15 % of the nucleic acid content of the 
tissue wherease Mitchell (1967)9 using a histochemical technique, 
has conuluded that DNA accounts for rather less than lO;c of the 
nucleic acid. 	An attempt was made to determine the proportion of 
DNA in the nucleic acid sample by measuring the phosphorus, content 
of the sample. 	The method of Allen (1940) was used without 
modification . 	Since the amount of DNA is known the amount of 
phosphorus arising from it can be calculated ( phosphorus represents 
about 101 by weight of DNA) . 	If the remaining phosphorus in the 
nucleic acid sample results from RNA, then the DNA represent about 
1.7% of the total nucleic acid. 	This appdars to be rather low in 
view of the results reported above and those of Sunderland and 
McLeish (1961), who examined a wide range of plants and tissues and 
reported a minimum proportion of about 7%. 	If, however, there was 
some phosphorurpijresent in the sample which was not due to nucleic 
acid it would cause the proportion of DNA to appear to be low. 











Fig. 30 Changes in the total nitrogen content (s) and the 
nitrogen content arising from the acid resistent 
10 	 protein (0) of explants grown at 25 0C. 
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Total nitrogen. 	(Fig. 30 ) 
During the initial 10 hours of growth there was no detectable 
change in the total nitrogen content per explant. 	The zero time 
sample was unfortunately lost, however. 	There was then a period 
lasting approximately 3 hours during which an increase amounting to 
around 30% took place. Thereafter the nitrogen content appeared to 
remain constant. 	This increase took place at apptoxiurntely the 
beginning of the "5" phase and at the same time as the first tise in 
the total nucleic acid content. 
Protein nitrogen. 	(Fig. 30) 
After the nucleic acid had been extracted the explants were 
once abain brought to the state of an ether dry pellet. 	They were 
digested in "digest acid' and finally the nitrogen content was 
determined. 	There was the suggestion of a slight fall in the protein 
content over the first 2 hours but for the next 10 hours the content 
appeared to remain constant. 	A sudden increase of approximately 
i&o% occurred during the next hour.. 	The level then remained constant 
for the subsequent $ hours when a small }4 rapid increase then took 
place. 	This increase amounted to approximately 11%. 	From 22 
until approximately 26 hours the level once again remained constant. 
Thereafter, however, a further increase occurred. 	The total 
increase which had taken place by the beginning of the second division 
was approximately 140% . 	The first rise in protein content 
occurred approximately half way throuh the lag phase and at about 
the beginning of the "S" phase. 	It concided with both the increase 
in total nitrogen and the increase in nucleic acid. 	The second rise 
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occurred during the wave of division and took place at the same time 
as the second rise in nucleic acid content. 
A wave of cell division occurred between 20 and 26 hours and during 
that time approximately 36% ofthe cells divided. 	Over the first 
10 hours of culture none of the parameters examined showed any 
increase. 	In fact, the total nucleic acid and the DNA content 
devteased. At 10 hours, which was half way through the lag phase, 
a profound change occurred and DNA, total nucleic acid, total 
nitrogen and protein nitrogen all began to increase. 	The 'S" 
phase lasted for some 11 hours and was followed closely by cell 
division. 	02 could only have been short. 	A second "S" phase 
occurred almost bEll way through the plateau phase for cell number 
and was in preparation for the second rate of division. 	This 
"S" phase was very much shorter than the uirst,lasting only about 
3 hours and there was evidence of a short 02 period. The total 
nucleic acid increased in 2 steps. the first increase coincided 
with the beginning of 030 and the second with the end of the "S .' 
phase. 	This second increase occurred at a time which appeared to 
correspond with the first wave of cell division. 	The overall 
increase until the end of the first wave of division was approx- 
imately 90. 	The 'total nitrogen' underwent an abrupt increase of 
27% at the time of the beginning of the "S" phase but afterwards 
remained constant. 	Protein nitrogen increased in two steps, the 
first of which amounted to 45% and the second to 20%. 
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EXPERIMENT 18 
In the previous experiments described in this section a 
number of parameters. have been examined and some considerable 
changes during the early growth of the tissue have bben recorded. 
These changes have usually involved considerable synthetic activity 
and this synthesis necessitates the expenditure of energy. 	This 
synthesis does not appear to occur at a constant rate throughout the 
period of culture but takes place in a periodic manner. 	It might 
be expected, therefore, that the pattern of respiration would show 
some marked changes during this period. 	Accordingly, this 
experiment was designed to examine the oxygen uptake and the carbon 
dioxide output during the lagphase and the first wave of division. 
As well as changes in the pattern of respiration the changes in the 
cell number, DNA and total nucleic acid were also examined. 	6o0 
explaflt8 were distributed evenly amongst six conical flasks contain- 
ing nutrient ,nddium. 	At intervals groups of 10 explants were 
transferred to Warburg flasks and the oxygen uptake and carbon dioxide 
output measured. 	Explants were removed from the Warburg flasks 
after several hours growth and analysed for cell number, DNA and 
total nucleic acid. 	The conditions for growth in the Warburg 
flasks right be unfavourable and lead to a delay in the onset of 
cell division. 	Therefore, as a control explants which had not 
been transferred to the Warburg flas&s were also analysed for 
cell number. 
Cell number. 	(Fig. 31 ) 
During the first 24 hours the cell number remained constant 
Fig. 31 Changes in the number of cells (.) and "pairs" (0) of 
explants grown at 25°C and changes in the number of cells 
(a) and "Pairs" (4)  of explants cultured for a period in 
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Fig. 32 Changes in the rate of oxygen uptake () during the 
growth of explants at 25 0C. 	Mean values (+) were 
calculated every 2 hours. 
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but between 24 and 29 pours the cell number increased by 37. 
From 29 hours until the end of the experiment the cell number, 
once again, remained constant, 	'Pairs" did not appear until 24 
hours but for the nest 5 hours they rapidly increased in number. 
After 29 hours the number remained constant. The cell number 
determinations carried out on explants which were cultured 
continuously in the conical flasks corresponded clsely to those 
obtained for explants culturediD the Warburg flasks. 
Oxygen uptake. 	(Fig. 32) 
In Figute32 the oxygen uptake per hour,resulting from each 
group of explant, has been plotted. The mean values at each time 
are also indicated. 	There was a considerable variation between 
replicate flasks and there also appears to have been an oscillation 
in the values. 	Thus, in a number of casea, the values for the 
alternate hourly intervals are in much closer agreement than for 
those for the adjacent houriT intervals. 	In spite of the 
variation, however, certain trends were apparent. 	There was an 
increase in the rate of oxygen uptake in the first 14 hours of 
culture, which amounted to allO% increase. 	This period of 
increase gradually gave way to a period listing approximately 9 
hours wbah the rate renaindd almost constant. Between 23 and 
30 hours, however, there was a suggestion of a slight fall in 
the rate of respitation. 	After 30 hours,the rate again appeared 
to increase. 	The period in which a Blight fall in the rate of 
oxygen uptake occurred corresponded to the period of most active 













Fig. 33 Changes in the rate of carbon dioxide output during the 
growth of explants at 25 °C. 
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Fig. 3 	Changes in the DNA content of explants during growth at 25°C. 
MM 
occurred during the first half of the lag phase. 
Carbon dioxide output. 	(Fig. 33 ) 
Once again there was a rather wide variation in the replicate 
values but a certain trend could be discerned. 	Carbon d ,  ioxide 
output increased continuously from the first observed value at 
k hours. 	This rate of increase showed a steady decline thtoughout 
the experimental period. 	The total increase in rate of carbon 
dioxide output amounted to 200% by 34 hours. 
Respiratory quotient. 	(Fig. 34 ) 
A continuous, atd apparettly linear, increase in the !LQ 
occurred over the first 28 hours of culture. 	The value rose from 
approximatety 0.65 to just over 1.2. 	After 24 hours a slight fall 
was recorded. 	This fall corresponded to the end of the first wave of 
division and was a reflection of the iucreased rate of oxygen uptaLe. 
DNA content. 	(Fig. 35 ) 
During the first 10 hours ljo increase in DNA was detected. 
Over the next 6 hours the values were difficult to interpret but 
by 17 hours an increase had become apparent. 	This increase 
continued until 22 hours when the DNA per explant reached lsg, 
a rise of 65%. 	It remained approximately constant at thâi value 
for the next 10 hours. 	Thus it would seem that the "S" phase 
was not shorter than 8 hours and as cQll division did not oc..ur 
until 24 hours there was the possibility of a short G2 phase. 
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Fig. 	Changes in the total. nucleic acid content of 
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Total nucleic acid. 	(Fig. 36 ) 
This data was rather difficult to interpret. 	The simplest 
interpretation was that after approximately 10 hours the nucleic 
acid content began to increase and the rate of this increase 
gradually accelerated over the next 22 hours. 	This interpretation 
would suggest, however, a different pattern of change to that which 
took place in Experiment 17 . 	Another interpretation which could 
be placed on these values was that between 10 and 12 hours there was 
an abrupt increase of 2%. 	For the next 4 hours the nucleic acid 
remained constant but a further increase had been initiated by 18 
hours and continued for the next 5 hours. 	There followed a period of 
about 4 hours when the content once again remained constant. After 
27 hours the plateau gave way to a further increase which continued 
for about 4 hours. From 30 hours until the end of the experiment 
6 hours later there was no further increase, 	This second 
interpretation brings these results more into line with those of 
Experiment17 , in that the increase took place in a step—like manner. 
The overall increase until the end of the wave of division amounted 
to about 100%. 	The first increase occurred before the beginning 
of "8" whilst the major increase corresponded to the "S pbaie. 
The second plateau began shortly before the onset of division and 
continued during the major part of the period of division. 
A wave of division took place between 24 and 29 hours of culture, 
in which 37% of the cells divided. 	The rate of oxygen uptake incrraEeA. 
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from the beginning of the period of culture but by 14 hours the 
increase in 'rate 	had virtually ceased. 	This constant rate of 
oxygen uptake corresponded to the °S' , phase and to the period 
when the total nucleic acid increased. 	There was a suggestion of 
a slight fall in the respiration rate at the time of cell division. 
The rate of carbon dioxide evolution rose steadily from the earliest 
value at 4 hours but at a gradually decreasing rate. 	The RQ rose 
from 0.65 to 1.2 in a linear manner during the first 30 hours of 
culture. 	A period of DNA synthesis was initiated after 14 hours 
and lasted for at least 8 hours. 	During this time the DNA content 
increased by 65%. 	There was the possibility of a short G2 period. 
The total nucleic acid did not increase during the first 10 hours 
but by the end of the first wave of division an increase of approx-
imately 100% had occurred. 	There was evidence that this increase 
did not occur continuously but in a series of steps. 
EXPERIMENT 19 
Results obtained in the previous experiment indicate that the 
respiration rate increased rapidly over the first half of the lag 
phase but remained.more or less constant over the second half. 
There was a suggestion of a slight fall in the rate of oxygen uptake 
duringthe period of cell division. 	A number of other investigators 
studying various organisms have obtained evidence of a fall in the 
rate of respiration at the time of cell division (zeuthen, 1946; 
Stern and Kirk, 194 8 ). 	If this fall does take place it is of 
Hours 
Fig. 37 Changes in the rate of oxygen uptake (') during the 
growth of explants at 25 °C. 	Mean values (+) were 
calculated every 2 hours. 
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considerable signiuicancé in the physiology of cell division. 	This 
experiment was performed in order to confirm the presence of this fall 
in the rate of oxygen uptake. 
40  explants were distributed more or less equally among four 
conical flasks and cultured for 22 hours. 	During the next 30 hours 
groups of 10 explants were transferred to Warburg flasks and the 
oxygen uptake recorded. 	Samples were also taken for the 
determination of the proportion of "pairs." 
Proportion of "pairs." 	(Table 9 ) 
No "pairs" were encountered in the macerate at 23 hours but 
they amounted to approximately6 of the population by 27 hours, 
Most of the cell division had taken place by 35 hours and over the 
next 6 hours less than 10% of the population entered division. 	The 
products of the second division were detected in the 41 hour 
maccrate. 
Oxygen uptake. 	(Fig. 37) 
As in the previous experiments oscillations in the rate of 
oxygen uptake were observed. 	A trend was still apparent, however, 
for between 23 and 34 hours the rate of respiration appeared to 
remain almost constant but during the next 6 hours an increase of 
approximately 30% occurred. 	Beyond 44 hours the pattern was 
somewhat obscured by the large variation in the results. 	The 
respiration, theretore remained constant prior to and during the 
period of cell division and an increase occurred after division and 
Table 9 
Time in hours 	23 27 31 	33 35 37 41 
% of 'pairs' 	- 605 20'9 	23'9 33'4 313 3801 
%of divided 'pairs' 	- - - - - - 8'0 
The proportion of 'pairs' in the macerates of 
explants cultured for various times. Experiment 19 
Table 10 
Time in hours 22 	24 26 28 32 
%of'pairs! - 5 12 20 33 
The proportion of 'pairs' in the macerates of explants 
cultured for various times. Experiment 20. 
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thus during the interphuse before the second division. 	In this 
experiment a fail in the rate of respiration during the first wave 
of cell division was not detected. 
A wave of cell division occurred between 27 and 35 hours. 	The 
respiration rate was &lmost constant during, and for some time before, 
division byt rose by about 30% over the 7 hours following the end 
of the wave of division. 	There appeared to be no fall in the rate 
of oxygen uptake whilst the wave of division was taking place. 
EXPERIMENT 20 
Results obtained in Experiments 16and 17 show that DNA synthesis 
did not begin until approximately half way through the lag phase 
and once initiated the synthesis continued for 8 to 11 hours. 	Cell 
division occurred soon after the end of the "8" phase, 80 that G2 
was either very short or non—existent. 	This data was obtained by 
examining the changes in the DNA sontent using a chemical method. 
It was considered that an investigation into the timlig and the 
length of the "5" phase, using an entireLy different method such as 
a technique using a radioactive label, would support these earlier 
results and possibly provide further information about DNA synthesis. 
Therefore this experiment was designed to examine the course of DNA 
synthesis using the incorporation of tritiated thymidine. 	Explants 
were cultured in liquid medium in conical flasks in the same manner 
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as in all previous experiments in this section, 	At intervals 
groups of 8 explants weretransterred to a 50nd. conical fàask 
containing 8m!. of nutrient medium together with tritiated thymidine 
(5uc/ml.). 	The concentration of thymidine was 16.5 x 10 
After 45 minutes the explants;were harvested and placed in distilled 
' water contining a high concentration of cold thymidine ( 3 x 10  ) 
After 10 minutes the explants were fixed in methanol which also 
contained cold thymidine and stored in the deep freeze. 	Samples 
were also harvested for cell counts. 	Each group of 8 explants was 
brought to the stage of an ether dry pellet and the nucleic acid 
was extracted in a total of l.kml. of perchioric acid. 	The acid 
was neutralised and a 0.5ml. sample mixed with scintillation fluid 
and the radioactivity determined. 	0.5w!. samples of the methanol 
fixative and the first and second washings with methanol/formic acid 
were also counted. 
Proportion of "pairs." 	(Table 10) 
Total cell counts were not carried out but the proportion of 
"pairs" in each sample count was determined. 	No " pairs " were 
detected at 22 hours but after 24 hours they amounted to 5% and 
after 32 hours to 33. 
lncorpofltion of tritiated thymidine into DNA. 	(fig. 38 ) 
During the first 10 hours there was little, if any, incorporation. 
After this time the rate of incorporation rapidly increased to .a 
peak value at 19 hours, after which it rapidly declined tgain to a 
C. 
Hours 
Fig. 32 Changes in the rate of uptake of tritiated thyinidine (m) into 
the tissue and changes in the rate of incorporation of tritiated 
thymidine (y)  into DNA during tbG growth of explants at 250C 
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low value at approximately 27 hours. 	By 32 hours a firther 
increase had become apparent. The peak of incorporation occurred 
5 to 6 hours before the onset of division, whiLst the trough reached 
its lowest point soon after the onset, of the wave of division. It 
would therefore seem that the first period of DNA synthesis started 
about half way through the lag phase and lasted for approximately 12 
to 14 hours and that 02 was either non—existent or only very short. 
Total uptake of tritiated thywidine into the tissue. 	(Fig. 38 ) 
The counts for the radioactivity in the fixative, the first two 
washings and that in the DNA were added together and gave a value 
for the total uptake of radioactivity into the tissue. 	Over the 
first 3 hours little uptake was recorded. 	An increase seems to 
have occurred by B hours and during the next Ii hours a very rapid 
increase took place, the rate of uptake reaching a peak at 12 hours 
before falling rapidly for the next 4 hours. 	During the subsequent 
10 hours the fall in mte continued but more slowly, reaching a ;1 
minimum at 27 hours, before rising again by 32 hours. 	The peak in 
the rate of uptake takes place at about ó hours before the peak rate 
in incorporation and at about the time that the rate of incorporation 
begins to rise. 	It would seem that some major change- in the ability 
of the tissue to take up thynidine occurs about nail way through the 
lagphase and before the onset of DNA synthesi%. 
The lag phase was 22 hours long and during the wave of division 33% 
of the population of cells divided. 	Incorporation of radioactive 
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thyuidine occurred over a. period of approximately 12 hours reaching 
a maximum rate after about 18 or 19 hours of culture. 	The rate fell 
to a minimum during the period of division. 	This suggests an 
phase of 12 to 14 hours followed closely by cell division. 	There 
was a sharp peak of uptake of thymidine at about the beginning of the 
period of incorporation. 
EXPERIMENT 21_ 
In the previous experiment the study of the incorporation of 
tritiated thynidine into DNA produced results which were in agveetuent 
and confirmed those obtained using a cheuical method. 	It was 
considered that an examination of ILNA synthesis usin, the incorporation 
of tritiatod uridine into RNA might well provide results which would 
extend those obtained using the more direct chemical methods in 
Experiments 17 and 18 . 	Further, the studies of the incorporation 
of C14 leucine into protein might also provide results which supported 
those obtained by the methods used in Experiment 17 
This experiment was designed to examine the uptake and 
incorporation of C16 leucine and tritiated uridine into protein and 
RNA, respectively, over the first 33 hours of culture. 	Explants were 
cultured in the usual manner and at intervals groups of 5 explants 
were transferred to 50m1, conical flasLs coi4ining 7m.il. of medium 
supplemented with CUe leucine (0.0 1124C/ml.; 2.86 x 10 1M) and tritiated 
uridine (1.44C/ml.; 4,77 x 10 7M). 	After an incubation period of 45 
minutes the explants were harvested and the surface moisture removed by 
blotting with 
0 	 6 	 20 	 .30 	 40 
Hours 
Fig. 3,9 Changes in the number of cells (0)  and "pairs" (o) during 
the growth of explants at 25 °C. 
n 
• 	tissue paper. 	The explants were then transferred to the deep 
freeze. 	Explants grown in the normal non—radioactive conditions 
were sampled for cell number determinations. 
In this experiment thecexplants were brought to jhe stage of 
aniether dry pellet by a method which involved washing with perchloric 
acid. 	This metbid is described in detail on Page 17 . 
	The reason 
for using this method was because there was uncertainty as to the 
effectiveness of the methanol/formic acid procedure for removing 
all the radioactive cl'& jeucine. 	Unfortunately there was not 
sufficient time to carry out a preliminary investigation. 	After the 
nucleic acid had been extracted with perchioric acid the explants 
were homogenised in perchloric acid and brought, once again, to the 
stage of an ether dry pellet. 	The protein was solublised in lml. 
of 2N N114 011. 	0.7m1, of this solution was placed in 
to a planchet 
and evaporated to dryness. 
	The radioactivity in this sample was 
determined. 
Cell number. 	(Fig. 39 ) 
In this experiment the total cell number data does not give a 
very satisfactory picture. 	This data can, however, be interpreted 
in conjunction with the "pair" data. "Pairs" were not recorded 
before 28 hours. Their number quichly increased after this time 
and continued to do so for the next S hours. 	After 36 hours the 
rate of increase declined. 	The lag phase was therefore about 28 
hours long. 	The total cell number increased over the subsequent 
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Fig-40 	Changes in the rate of uptake of CUe leucine into the 
tissue (U) and changes in the rate, of incorporation of CUe leucine 
0 , 
into protein (y) during the growth of explants at 2 C. 
WM 
GUi leucine incorporation in protein. 	(Fig. 40 ) 
Although the counts for radioactivity in the samples were low 
they were significantly above background, i.e. more than five times. 
The rate of incorporation appeared to rise steadily to a maximum at 
20 to 22 hours, 	This was about two thirds of the way through the 
lag phase. The rate then declined to a low value at 36 hours which 
coincided with the end of the first wave of division. 	There were 
points which did not follow this trend closely, such as the low 
value at 16 hours but it was felt that these arose as faults in 
the experimental technique rather than fluctuations in the rate of 
incorporation. 
Total uptake of GUi leucine into the tissue. 	(Fig. 40 ) 
The counts recorded in the washings and in the protein were 
added together to give a total value of the uptake of leucine into 
the tissue. 	Since there was no washing treatment before the 
explants were frozen this activity includes material wfthin inter- 
cellular spaces as well as within the cells. 	The rate of uptake, 
showed considerable fluctuation during the culture period. 	It was 
high at zero time but fell over the next 4 hours before rising 
to a peak at 8 hours. 	This was followed by a rapid fall to a 
minimum value at 12 hours, 	After this time another rise took place 
which increased the rate to a peak value at 16 to 18 hours. 	Yet 
another decrease in rate took place after this and the low level was 
maintained for 6 hours. 	Another high value was reached at 30 hours 
before the rate, once again, fell to a low value, which it reached at 
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Fig.41 	Changes in the rate of uptake of tritiatèd uridine into 
the tissue (U) and changes in the rate of incorporation 
of tritiated uridine into RNA (v) during growth of 
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34 and 36 hours. 	It was difficult to know how much confidence to 
place in these fluctuations; some of the peaks involved more than 
one point as did a number of troughs, so it may he that they do 
reflect some genuine changes in the tissue. 
Incorporation of tritiated uridine into kM. 	(Fig. kl ) 
Incorporation probably did not occur during the first 2 hours. 
Over the rext 10 hours there was a steady rise in the rate of 
incorporation to a high value at 12 hours, which was followed by a 
fall lasting until 16 hours. During the next 2 hours an abrupt 
increase took place followed by a more gradual decline which lasted 
for 6 hours. 	A further rise then occurred until a peak value was 
reached at 32 hours before the rate tell once again. 	Just how 
genuine these peaks and troughs twee is difficult to asses. 	There 
was no doubt, however, that otter the first 12 hours of culture the 
rate of incorporation increased and from 12 hours until 36 hours, 
although there were considerable changes in the rate, the overall 
trend was for the rate to undergo no further increase. 
Uptakecoftritiatod uridine into tissue. 	(Fig. 11 ) 
There was a series of peaks and trougUs in the rate of uptake. 
The peaks occurred at 2, 8 and 16 to 18 hours, separated by 
minimum values. After 20 hours the rate settled down to a more 
constant value. 	There appeared to be little correlation between 
the peaks of incorporation and the peaks of uptake. It does seem, 
however, that the peaks in the rate of Cl 1i leuciiie uptake and thobe 
in the rate of tritiated uridine uptake coincide. That two 
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substances involved in different aspects of metabolism should have 
such similar patterns of uptake does seem to suggest that the series 
of peaks and troughs in the rate of uptake reflect errors in 
technique rather than real chanhes in the tissue. 
In this experiment the lag phase was 28 hours long and during the 
subsequent 10 hours 33% of the cells underwent division. 	The rate 
of incorporation of C14 leucine was low over the first 2 hours but t 
then increased to a maximum value two thirds of the way through the 
lag phase. 	After this the rate decreased. 	The rate of uptake 
of leucine showed a number of fluctuations. 	There were peak 
values at 8, 16 to 18 and at 30 hours. 	The incorporation of tritiated 
uridine was low at first but then steadily rose until 12 hours. 	From 
then on although the rate fluctuated, the overall trend was for it 
to undergo no further increase. 	The rate of uptake of tritiated 
uridine showed peaks at 2, 8 and 16 to 18 hours. 	The peaks in 
the rate of uptake for uridine and leucine coincided but they appeared 
to bear little relation to the peaks in the rate of incorporation of 
these substances. 
CONCLUSIONS 
From the results presented in this section the following 
conclusions can be drawn. 	As in . Section I the increase in cell 
number takes place in a synchronous manner. 	Before the first wave 
of division all the parameters examined underwent some increase. 
Thus the Slohol insoluble nitrogen remains more or less constant 
for the greater part of the lag phase but 	an increase becomes 
apparent towards the end of thelag phase, the rate of which gradually 
accelerates. 	Protein nitrogen increases in two steps, the first 
about half way through thelag phase and the other apparently during 
the wave of division. 	Protein synthesis,as indicated by the incorp- 
oration of Clli leucine,is low at first but reachei a peak two thirds 
of the way through the lagphase. 	There appears to be little 
synthesis, however, during the wave of division. Total nitrogen 
also increases in two steps, one early in the lag phase, the other 
just before the wave of division. 
The DNA content per explant tends to decrease slightly at first 
and DNA synthesis begins about half way through thelag phase and 
continues for B to 11 hours. 	The wave of cell division occurs soon 
after the "S" phase such that G2 is short or non-existent. 	The 
second "S" phase is much shorter than the first, being only about 2 
to 3 hours long, and it takes place two thirds of the y through 
the interphasé before the second division. 
DNA synthesis, as indicated by the incorporation of tritiated 
thynidine begins about half way through the lagphase and lasts for 
l'* hours. The end of the period of synthesis is followeaclosely 
be cell division. 	The total nucleic acid which is taken to 
represent RNA, increases in a series of steps. 	The first step 
occurred about the beginning of the "S" phase whilst another increase 
taLes place at the end of the "S" phase. 	A third increase occurred 
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during the interphase before the second wave of division. 	RNA 
• synthesis , as shown by the inCorpOratiOnof tritiated uridine is 
low at first but reaches a high value about half way through the 
lag phase and it sbows& no further major increase until the end of 
the first wave of division. 
Oxygeb uptake rises steadily from the beginning of culture 
until approximately half way through the lag phase when it reaches 
a rate at which it remainsialmost constant. 	After the first wave 
of division there is a further rise in the rate of oxygen uptake. 
The rate of carbon dioxide evolution rises from the beginning of the 
culture period but the rate, although it continues to increase, does 
so in a steadily declining wanner. 	The RQ rises in a linear wanner 
from approximately 0.6 to 1.2 over ther period of the lag phase and 
first wave of division. 
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SECTION III 
The experimental results presented so far have been interpreted 
as evidence for two synchronous waves of division. 	It has been 
noted that not all of the cells in the explants divide and that 
divisions tend to be restricted to the outer layers of the explant. 
This suggests that after the first few hours of growth there are 
two classes of cells, those which have been induced to embark on a 
course which leads to division and those which have not. 	in any 
biochemical studies on the growth of the explants the presence of 
two types of cells will be a complicating factor. 
In a number of experiments only about 40% of the cells in the 
explant divided. 	If the other 60% remained quiescent and under- 
went no metabolic changes the results obtained with this system 
would be fairly easy to interpret. 	Unfortunately this in unlikely 
to be the case. 	If all,or at least most,of the cells could be 
induced to divide in the first wave of division this complicating 
factor would be removed or at least suUtantially reduced and the 
system would be even more valuable. 	The following series of 
experiments was designed to examine the factors which limit the 
number of cells dividing and try to induce a higher proportion of 
cells to divide. 
Fig. 42 A diagram showing the dimensions in mm. 
of the hollow and the standard explant. 
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EXPERIMENT 22 
It has been noted that dividing cells are restricted to the 
outer layers of the explant (Yeoman, Dyer and Robertson, 1965; 
Mitchell, 1967.). 	It is possible that the oxygen tension becomes 
limiting factor at an early stage in the central layers of the 
tissue (Yeoman, Naik and Robertson, 1968). 	On the other hand an 
inhibitor such as carbon dioxide might escape more readily from the 
outer layers while remaining to inhibit division in the central 
region. 	Also nutrients and growth substances from the medium enter 
the explant from the periphery and might have difficulty in 
penetrating to the central cells in sufficient quantity. 	This 
experiment was designed to examine these possibilities. 	The pattern 
of cell division of a hollow explant was compared with explants Of 
the standard dimensions.. 	It was not possible to remove the centre 
of a 2mm. diameter explant but a hum, core could be removed from&s 
3mm. diameter explant with a specially designed cannula. 	The 
dimensions of the hollow explant are shown in Fig.42 . 	Standard 
and hollow explants were grown on agar and harvested at intervals 
for cell number determinations. 	Groups of 3 hollow explants and 
groups of 5 standard explants were macerated in 2m1. of chromic 
acid. 
Cell number 	(rig. 4.3 ) 
The lag phase lasted approximately 36 hours for both types of 
explants. This was followed by a rapid increase in cell numbers, 
in turn followed by a period when the cell number change was,suiahl. 










Fig. 43 Changes in the number of cells (•) and "pairs" (a) in hollow 
explants and changes in the number of cells (.) and "pairs" (0) 
in standard explants grown at 25 0C. 
Fig. 43a Ghanges in the proportion of "pairs" (a) in hollow and in 
standard explants (a) grown at 250C. 
Table U 
Hollow explant 	Standard explant 
Surface area 
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A comparison of various features of the hollow 
and the standard explants 
Off 
rapidly in number until approximately 43 hours when their rate of 
increase sharply declined. 	The increase in "pairs" for both types 
of expLants, expressed as a percentage of the base number, is 
shown in Fig. 43a • 	It appears that the percentage of dividing 
cells was the same in both types of explants. 
In a 2mm. diameter explant the maximum diffusion path of 
gases to cells in the centre of the explant is 1mm. 	whereas in 
the hollow explant it is 0.5mm.. 	Thus, although the diffusion 
path for oxygen has been halved, there was no increase in the 
proportion of dividing cells. 	It was assumed that gases are able 
to penetrate into the hollow without difficulty, 	in view of this 
data it seems unlikely that oxygen tension could be a limiting 
factor at this stage. Equally it throws doubt on the other 
possibility mentioned where substances have to diffuse in from the 
periphery. 	- 
The surface, area/volume ratios for the two explants were 
calculated and are shown in Table 11. 	These surface area/volume 
ratios were found to be the same and the possibility exists, 
therefore, that the surface area/volume ratio is in some way 
connected to the number of cells which divide. 
EXPERIMENT 2 
This experiment was designed to investigate the changes in 
cell number of cultured explants with different surface area/ 
volume ratios. 
1mm., 2mm. and 3mm. diameter explants were gruwn on agar 







- 	 Hours 
Fig. a Changes in the cell number of 1mm.. (a), 2mm. 
(s) and 3mm. 
diameter explants (.) during growth at 25 0C. 
Fig. 44a Changes in the number of "pairs" in these lmm.(Oi), 2mm. (o) 
and 3mm. diameter explants (a) 	Changes in the number of 
"fours" in 1mm. (+), 2mm. (-) and 3mm. disaster explants (o). 
Groups of five 1mm. diameter explants were macerated in 0.6m1. 
of chromic acid, whereas groups of five 3mm. diameter explants 
were macerated in 4.Oml,. 	Five 2mm. diameter explants were 
macerated in 2,0tH. of chromic acid. 
Cell number, 	(Fig,44 ) 
In the case of all three typos of explants the lag phase was 
approximately 42 hours, This phase was followed by one of rapid 
increase in cell number, the rate of increase declining after 53 
hours. The changes in the number of "pairs" per etlplant are 
shown in Fig.44a . 	"Pairs" began to appear shortly after 41 hours 
and increased in number until 50 hours, thereafter the numbers 
remained approximately constant. 	The products of the second 
division began to appear at approximately 50 hours and steadily 
increased in number. 
The percentage of dividing cells was determined by dividing 
the number of "pairs" corresponding to the horizontal parts of the 
curves in Fig,44a with the mean base number for each type of 
explant. 	The results are shown in Table12 	. 	Although the 
1mm. and 2r1m. diameter explants have the same percentage of cells 
dividing the surface area/volumeratjos are different. 	In the 
case of the 3mm. diameter explant the percentage of dividing cells 
is reduced and the surface area/volume ratio is lower. 
EXPERIMENT 2 
In order to obtain more evidence the previous experiment was 
Table 12 
Diameter of explants 
1mm 2mm 3mm 
% division 68 68 57 
SSurface area 93.Ornm2 2135um
2 
 3673mm 
Volume 1088mmD 7'54rim3 16'96min3 
Surface area/volume ratio 4'83 2'81 216 
A comparison of various features of explants of different diameters 
Table 13 
Diameter of explants 
1mm 	 2mm 	 3mm 
$ division 42 39 27 
Surface area/volume ratio 4683 2'81 2'15 
A comparison of the proportion of .dividing cells and the 






Fig. 45 Changes ih the proportion of "pairs" in' 1mm. (s) 
2mm. (0)&3rnm.(u). diameter explants grown at 25°C. 
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repeated except that the exiflants  were grown in liquid medium. 
1mm. 9 2mm, and 3mm. diameter explants were grown together in a 
conical flask and harvested at intervals. 	Groups of 5 explants 
were macerated as described in the previous experiment and the 
percentage of "pairs" in the population of cells was determined. 
Cell number. 	(rig. 45 ) 
The lag phase lasted for 17 hours in the case of the lnun., and 
3mm. diameter explants, whereas £br the 2mm. diameter explant it 
appeared to be slightly longer. 	The proportion of "pairs" 
increased rapidly before reaching a plateau. The values for the 
proportion of dividing cells at this plateau are shown in Table 13 
as are the surface area/volume ratios for the three types of explants. 
The overall trend is similar to Experiment 23. The difference 
in the proportion of dividing cells was probably due to the fact 
that the two experiments were performed &uring different seasons 
and this effect will be dealt with in a later section. 	The 1mm. 
and 2mm. diameter explants, although differing widely in surface 
area/volume ratios, have much the same level of division whereas 
the 3mm. diameter explants, with a lower surface area/volume ratio, 
has a reduced level of division. 
When the explants are excised the cells in theoutermost lflers 
are severely damaged and will probably not be able to recover. 
The larger the surface area/volume ratio thelarger the proportion 
of damaged cells in the explant. 	It may be that there are two 
opposing factors influencing the proportion of dividing cells. 
A high surface area/volume ratio moans also that a considerable 
proportion of the cells are damaged and therefore a lower proportion 
of the cells are actually able to divide, whereas a lower surface area/ 
volume ratio ieadstto aLover percentage division as proportionately 
any influence of the surface is reduced. 	Thus .  in the case of the 
1mm. diameter explant the proportion of damaged collamay be the 
limiting factor and that is why they do not have a higher proportion 
of dividing cells than the 2mm..diarneter explants. 	In the case of 
the 3mm. diameter explants the reduced level of division may be due 
to the reduced surface area/volume ratio and the reduced infltgnce 
of the surface of the explant. 
EXPERIMENT 25 
Although it has not been conclusively proved, there are 
indications that the surface of the explants exercise a marked 
effect upon the proportion of dividing cells. As already 
mentioned the outermost layer and possibly the first and second layers 
of cells aredataged when the explants are excised. Many of these 
cells, will die and undergo ,  autolysis, the products of which will 
either pass out into the medium of diffuse into the tissue. 
These products will be most abundant in the layers beneath the 
damaged cells, precisely the region where cell divisions appear 
concentrated. This experiment was designed to examine the effect of 
substances obtained from damaged cells on cell divisnn. 
Approximathly 100' explants were ground in a mortar with 25i81. 






Pig. 46 Changes in the proportion of "pairs" in explants grown 
at 25 0C in medium supplemented with autolysis products(s); 
supplemented with autolysis products but lacking 2.4.1) and 
coconut milk ( U ) ; in the standard medium (ii). 
n 
3 hours the material was filtered. 	15m1. of this extract were 
placed in a conical flask which was inoculated with approximately 
80 explants. 	15ral. of a standard uedium in which 7uil. of extract 
had been incorporated, provided another culture medium and finally, 
as a control, the explants were grown using the normal uediut. 
The propvttion of dividing cello at different tithes durin the 
first wave of division was determined, 
Proportion of "pairs." 	(Fig. 46 ) 
After a lag phase of approximately 18 hourt cell division was 
initiated and the proportion of "pairs" increased rapidly in both 
the control and in etp1ants grown in the supplemented medium. 
After 25 hours the rate of division declined and the proportion 
of "pairs" reached a plateau. 	In the case of the control this 
plateau was approximately 39% whereas in the case ci the supplemented 
ine&ium it was approximately 5 0%. 	In the case of explants grown in 
extract without any added growb substances or nutrients, cell 
division does not appear before 22 hours and only reaches about 5 1C. 
EXPERIMENT 26 
In order to gain further evidence Experiment25 was repeated. 
160 explants were tround in 15ml. of distilled water. 	After 
allowing to autolyse for 3 hours at 25 0C the material was filtered 
and the filtrate added to lOOml. of standard medium. 	15ml. were 
placed into a conical flask which was subsequently inocàlated wi th 







24 	30 	36 
Hours 
Fig. 4.7 Changes in the proportion of "pairs" of expLants 
grown at 25 °C cultured in standard medium (.) 
and cultured in medium supplemented by the products 
of autolysis (U). 
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the percentage of pairs" recorded. 	Explants were grown in the 
standard medium ad a control. 	The results are presented in Fig. 47 
Proportion of—!, I-rs - 11 	 (Fig. 47 ) 
Explants grown in supplemented medium had a lag phase of 24 
hours, slightly shorter than the control where it was 27 hours. 	In 
explants grown in supplemented medium the proportion of "pairs" 
increased rapidly reaching a plateau of about 50% at 32 hours, 	in 
the case of the control the proportion of "pairs" ruse to a plateau 
of approximately 3TP at 34 hours. 	There was a value at 
36 hours of 
45% which may or may not be genuine. The products of the second wave 
of division appeared by 38 hours in both cases. 
The results of both Experiment 25-an'3 Experiment 26 suüest that 
the addition of an extract of ground artichoke tissue has a 
stimulating effect on the percentage of cells which enter the first 
wave of division. 	The extract itself is unable to produce more than 
a very small amount of division. 	It may well be that the materials 
present in this extract are similar to those produced in cells 
damaged in the process of excision and these substances, together 
with 2,4.1) and coconut milk, induce cell division. 
EXPERIMLNT 7 
Autolysis products of explants were obtained in a slightly 
different manner. 	A flask containing normal medium was inoculated 
with explants and then medium and explants were frozen solid in the 





to 	22 	28 	
34 
Hours 
Fig.4.8 	Changes in the proportion of '!pairs' 
of explants grown at 25 °C (.) and in 
explants grown in medium supplemented 
with the products of autolysis (a). 
0 
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The material was then thawed and the flask placed in the constant 
temperature room where the medium was stirred with a magnetic 
stirrer. 	After 24 hours the explants were harvested and replaced 
with fresh et'plants whose growth 9 in terms of percentage of dividing 
ce&ls,was examined. 	Explants were grown in normal medium as a 
control. 
Proportion of "pairs." 	(Fig. 48 ) 
The lag phaseF was approximately 25 hours and was followed by a 
rapid increase in the proportion of divided cells. 	The control reaches 
a plateau of 31% division at 31* hours, whereas the explants grown 
in the supplemented medium undergo approximately 50% division by 
31* hours. 	- 
These products of autolysis appear to increase the proportion 
of dividing cells and this is in agreement with the results of 
Experiment 25 and Experiment 26. 
• CONCLUSIONS 
From this series of experiments the following conclusion can be 
drawn. 	The lack of cell divisions in the central region of the 
explants does not appear to be due to any limiting effect of 
oxygen tension or of nutrients. 	The surface of the explant, 
however, appears to have an influence in that explants with a low 
surface area/volume ratio also have a low proportion of dividing 
cells. 	An extract obtained by grinding or by freezing and 
thawing explants has an enhancing effect on cell d*vision when added 
to the medium. 
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EXPERIMENTAL RESULTS 
SECTION 	IV 
It has been established that the early divisions in the 
developing callus tissue occur in a synchronous fashion; 	This 
synchrony is, however, not complete because the cells do not enter 
division simultaneously.. In fact, the yave of division lasts froi 
ii hours to 6 hours. 	It is possible that the level of synchropy 
could be improved so.that the bulkóf the population of cells could 
divide in a shorter period of time. 	If this could be achieved it 
would increase the value of the system as it would allow more 
accurate measurements of the timing of the events in the cell cycle, 
especially those of phort duration. Also if the synchrony of the 
first wave of division could be improved the second wave would 
pro,ably become sharper and possibly a third wave might become 
apparent. 	Thus, this section deals with the experiments which 
were designed to achieve this end. 
EXPERIMENT 28 
Temperature shocks, in which the temperature Is utised and 
lowered in rapid succession, have been used as a method of 
synchronising populations (Sherbaulu and Zeuthen, 1954). 	The 
cells do not divide between the shocks, which together act as a 
block for cell division, but a period of constant temperature 
is followed by a burst of cell divisions 	Temperature changes of 
longer duration have also been used in attempts to synchronise 
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populations of cells (Padilla and Cook, 1964). 	The principle 
behind this technique is the differential effect of temperature on 
cell division. 	It was decided, in this experiment, to try a period 
of culture at a low temperature in an attempt to increase the 
synchrony but for slightly different reasons. 
When anexplant is isolated from the tuber it is brought into 
an entirely new environment and it is probable that it takes some 
while for the explant to equilibfate with this new environment. 	If 
the explants are placed in contact with the medium and immediately 
allowed to grow this equilibration might not have been completed and 
some cells would be in a slightly more favourable position to begin 
progress towards division than others. 	It was felt that if the 
explants were placed in contact with the medium, but at such an 
temperature ('* °c) that very little metabolic activity could take 
place, the whole explant might be able to equilibrate with the 
environment. 	Thus, when the temperature was raised to 25 
0
£ a 
large proportion of the cells would be in a position to progress 
towards division. 	This experimentwis designed along these lines. 
Approximately 200 explants were more or less equally distributed 
between two lOOml. conical flasks, each containing 15n1. of medium. 
One flask was incubated, at 250C and explants taken from it at 
intervals and macerated for the determination of the proportion of 
"pairs," 	The other flask was placed in the cold room at 1*
0C. 	The 
medium was stirred by the rotation of the sitellitein the usual 
manner. After an hour the flask was transferred to the incubation 
rooms (25 0C). 	At intervals samples were remeved for "pair" counts. 
t a, 
Hours 
Fig. 49 Changes • in the proportion of "pairs" 
during the growth of explants at 25 °C 
alter treatment at ls °C for 1 hour (0) 
and without this treatment (•). 
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The proportion of "pairs." 	(Fig. 49) 
In the case of the control experiment "pairs" were not 
detected at 20 hours but were present to the extent of 16 % at 24 
hours. 	This proportion steadily increased until about 31 hours. 
For the next Gihours the proportion! of "pairs" remained constant at 
about 48%. 
In the case of the explants which had been subjected to the 
cold treatment there was no sample before 21* hours. 	At this time 
"pairs" were present to the extent of 14%. 	This proportion 
increased until around 30 hours when it reached 35. 	For the next 
10 hours the proportion of "pairs" appeared to remain more or less 
constant. 
It seems that a treatment of lhour at 4 0C at the beginning of 
the period of culture does not noticeably shorten the time during 
which the population of cells undergoes division - ratber,it tends 
to reduce the proportion of cells entering division. 
EXPERIMENT 2 9 
The fact that a short period of cold treatment reduced the 
proportion of cells entering the first wave of division was of 
interest as it might give some indication of the factors controlling 
cell division. 	This experiment was designed to investigate this 
phenomenon in more detail, using rather longer periods of cold 
treatment. 
Three flasks were inoculated with explants such that each one 
Table 14 
Lencth of cold. 
Time in hours 
treatment 
iS 	21 	2295 	24 	25 	27 	33'5 
Control none 	- 	- 	- 	43'0 	- 	42'0 	47'5 
Flask A libre • 6'3 	- 	29'7 	- 	34'1 	- 	- 
Flask B 24hra. 	- 	22'5 	- 	290 	- 	- 	- 
The percentage of 'pain' in the macerates at different 
time intervals after various cold, treatments. 
4 
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contained approximately 100 explants, 	One flask was placed in the 
cold room (4 0c) for 11 hours be2ore being transferred to the 
incubation room at 25 °C. 	The second remained in the cold room for 
24 hours before being transferred and the third flask was used as a 
control and was never subjected to any cold treatment. 	Samples were 
taken for determination of the proportion of "pairs." 	The timing 
of these samples was such that most of them coincided with the 
plateau phase in cell number. 	 - 
Proportion of "pairs." 	(Table 14 ) 
In the case of flask A, which had been subjected toll hours 
at 4 0C 9  the Wave of cell division must have started shortly after 
19 hours, The proportion of "pairs" had risen to about 30 	by 22j 
hours and 2* hours later it had reached 34%. The 25 hour value 
probably represents the level of theplateau. 
Explants in Flask B were treated ufoi 21* hours at 40C and in 
their case there were 22% "pairs" at 21 hours and 4 hours later there 
were 29% "pairs 	The 25 hour value again probably represents the 
plateau. 	 - 
Explants grown as the control had 1*3% "pairs" at 24 hours and 
1*2% at 27 hours whilst at 33-k hours the proportion of "pairs" was 
47%. 
Thus the plateau value was around. 1*3%. 	It appears then that 
as the length of the cold treatment increased the proportion of cells 
entering division fell.. 
Table 14 
Length of colt 
Time in hours 
treatment 
19 	21 	2295 	24 	25 	27 	35*5 
Control none 	- 	- 	- 	430 	- 	4290 	475 
Flask A llhrs 	B'S 	- 	29'7 	- 	541 	- 	- 
Flask B 24hn, 	- 	22'5 	- 	2900 	- 	- 	- 
The percentage of 'pairs' in the macerates at different 
time intervals after various cold treatments, 
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contained approximately 100 explants, 	One flask was placed in the 
cold room (4 0C) for 11 hours before being tranferred to the 
incubation room at 25 °C. The second remained in the cold room for 
24 hours before being transferred and the tMrd flask was used as a 
control and was never subjected to any cold treatment. 	Samples were 
taken for determination of the proportion of "pairs." 	The timing 
of these samples was such that most of them coincided with the 
plateau phase in cell number. 
Proportion of "pairs." 	(Table 14 ) 
In the case of flask A. which had been subjected to 11 hours 
at 4 °C, the Wave of cell division must have started shortly after 
19 hours. The proportion of "pairs" had risen to about 30 	by 221 
hours and 24 hours later it had reached 34%. The 25 hour value 
probably represents the level of theplateau. 
Explants in Flask B were treated un{tht 24 hours at 4 °C and in 
their case there were 22% "pairs" at 21 hours and 4 hours later there 
were 29% "pairs' 	The 25 hour value again probably represents the, 
plateau. 
Explants grown as the control had 43%  "pairs" at 24 hours and 
42% at 27 hours whilst at 331 hours the proportion of "pairs" was 
47%. 
Thus the plateau value was around. 43%. 	It appöars then that 
as the length of the cold treatment increased the proportion of cells 







Time in hours 	 I 
treatment cold. 	
22 	24 	26 	27 	28 	31 32 	33 	54 	36 
Control. 	000 	1 158 - 	209 - 	- 	525 - 	31'6 
12 hours 	- 	- 	- 	11'O - 	- 	- 	- 	- 	2603* 
24 hours 	- 	- 	- 	- 	198 - - 25•4 - 	19.8* - 
306 hours 	- 	- 	- 	- 	- 	2308* - 	29.7* .. 	- 
71 hours 	- 	- 	32.0*_ 	40.0*... 	- 	- 	- 
* Macerates in which the products of the second 
division were present. 
- 	The percentage of 'pairs' in the macerates at different 
• time intervals after various lengths of cold treatment. 
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EXPEIUNENT 30 
Considering the result obtained in the previous experiment it 
would seem probable that if the period of cold treatment was extended 
sufficiently a point might be reached when cell division would no 
longer take place. 	This experiment was designed to see if this 
does, in fact, occur. 	- 
5 conical flasks were each inoculated with about 25 explants, 
One flask was used as a control and maintained at 25 °C and the others 
were placed in the cold room for various lengths of time before being 
incubated at 25°C. 	At all times the flasks were stirred by the 
rotating satellite. 	At intervals, groups of explants were harvested 
and the proportion of "pairs" determined. 
Proportion of "pairs." 	(Table 15.) 
Contr2i 	"Pairs" were not detected at 22 hours but by 
24 hours they were present to the extent of 2%. 	The proportion 
rose quickly until by 33 hours they had reached 32% of the population. 
3 hours later the proportion was still about 32o. 	The products of 
the second division were first observed at 36 hours. 
12 hours cold treatmffi 	There were only two samples. 	
At 
27 hours there were 12% "pairs" whilst at 36 hours there were 
26%. 
"Fours" were detected to a small extent in the 36 hour sample. 
24 hours cold treatment 	At 28 hours "pairs" represented 
20% of the population and at 32 houis they represented 25% but the 
34 hour sample had only 20% "pairs 	"Fours" were present at 
34 hours. 
a:- 
16 hours cold treatment At 31 hours there were 24% 
"pairs" and by 33 hours there were 30%. 	"Fours" were detected in 
the 31 hour sample. 
71 hours cold treatment The 261 hour sample had 32 
"pairs" and some "fours" and 2 hours later "pairs" represented 40% 
of the population. 	The time at which "fours" were fitst detected 
in the macerate represents the end of the pltteu.phAse in cell 
number. 
It would appear, therefore, that as the cold period was 
extended up to 24 hours there was.a gradtal fall in the level of the 
plateau as represented by the proportion of "pairs." 	Cold treatment 
of 36 hours, however, does not pcoIuce a fall in the proportion of 
"pairs" below that produced by 24 hours cold treatment. 	The 71 
hours cold treatment, in fact, produced a dividing population 
similar to the control. 	It wauld also appear that during the cold 
treatment some progress is made towards division since the time of 
onset of the second and first wave of division occurs earlier as 
the period in the cold is extened. 
EXPERIMENT 31' 	 I 
The previous experiment ins demonstrated that although a short 
period in the cold room leads to a reduced number of cells 
entering the first wave of division an extended cold treatment 
might even lead to an increase in the proportion of dividing cells 










Fig- 50 Changes in the % of " pairs " during the growth of 
explants at 25 °C after treatment at 4 °C for 30 hours (.), 
54 hours (o), 78 hours (S) and the control without cold 
treatment (t4. 
previous one and was intended to exDmine the phenomenon in more 
detail. 
Five conical flasks were each inoculated with 50 explants. 
Four of the flasks were then placed in the cold room and after 
intervals of 30954,78 and 10$ hours they were transferred to the 
incubation room at 25 °C. 	Samples woke taken for dItermination of 
the proportion of "pairsV 
Prrtion of "pairs." 	(Fig. 50 ) 
(i) 	Control 	The proportion of "pairs" reached a plateau of 
about 40% at 25 hours and this plateau was at least 5 hours long. 
(ii). 30 hours cold ireatment 	"Pairs" were not detected in 
the 15 hour sample but a small number were present at 16 hours. 
For the next 7 hours the proportion rose steadily but between 23 
and 284 hours there was only a small increase. 	This represents the 
plateau phase and indicates that about 46% of the cells divided. 
54 hours cold treatment 	No "pairs" were observed in t 
the macerate at 15 hours but at 17 hours they represented about 15% 
of the population. 	At 22fr hours they represented 48% and 49% an. 
hour later. 	The 264 hour sample contained 46% "pairs." 	Thus it 
appears that about 45% of the cells divided. 
78 hours cold treatment 	In the macerate of the first 
sample, which was taken at 16 hours, "pairs" represented about 18% 
of the population. 	This proportion steadily increased until about 
21 hours when the plateau phase?was reached. 	In thiscase 50 of 
the cells divided. 
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(v) 	108 hours cold treatment 	After about 100 hours at 
virtually all the explants had begun to float in the medium. 
When the macerates were examined it was seen that the protoplasts 
within the cell had clumped together and had a granular appearance. 
None of the cells divided. 
From this data it seems that extended cold treatment does, in-
deed, lead to an increase in the proportion of cells entering the 
first wave of division, over the control. Unfortunately really 
prologcd treatment at & C leads to the death of the cElls. 
EXPERIMENT 32 2 
In view of the results that were obtained with the various 
lengths of cold treatment we can now return to the original problem. 
If a period of cold treatnient, which was sufiicient in duration to 
insure that h high proportion of the cells divided, was administered 
to the e,ants, would an increase in the level of synchrony be 
achieved? 	This experiment was designed to investigate this point. 
	
Two flasks were each inoculated.with about 100 explants, 	One 
flask was wrapped in foil so as to exç&ude most of the light and then 
placed in the cold room where it remained for 48 hours before being 
transferred to the incubation room. 	
It was stirred coutinuotily by 
a rotating s*.tellite. 	
The other flask, which acted as a control ,was 
placed in the incubation room at 25°C. 	At various times during 
therperiod of growth groups of explants were harvested and some were 
macerated for "pair" determinations whilst others were fixed, Feulgen 








Ell 20 	 30 	 40 Hours 
Fig. 51 Changes in the number of cells (.), "pairs" (o) and "fours" (A) 
of explants grown at 25 °C after treatment at 4 °C for uS hours. 
Changes in the number of cells (u) and "pairs" (a) in the 
control. 
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Cell number and "pairs." 	(Fig. 51 ) 
(1) 	Control 	The cell number appeared to remain constant 
over the first 23 hours of culture, 	During the next 7 hours the 
cell number per explant rose by approximately 8,000 to 30,000 cells. 
In the subsequent 7 hours the cell number remained virtually constant. 
" Pairs "  were not detected at 23 hours but were present to a small 
extent at 25 hours. 	The number of "pairs" rose steadily during 
the next 6 hours but in the following 7 hours the number of "pairs" 
remained virtually constant. 	The products of the second division 
were detected in the macerate at 38 hours. 	In Fig. 52 the increase 
in "pairs" has been expressed on a percentage basis. 	In the case of 
the control there were no "pairs" at 23 hours but over the next 8 
hours the proportion rose rapidly until it reached about 45% at 31 
hours. 	During the subsequent 7 hours the proportion remained more 
or less constant. 
(ii) Cold treated explants 
constant for the first 24 hours, 
The total cell number remained 
There was then a sharp increase 
which lasted for Is hours but between 29 and 39 hours the number appe-
ared to remain constant. 	By 41 hours the plateau phase had been 
replaced by a further period of rapid increase. 	This period 
continued until about 45 hours when the cell number appeared to 
reach a further plateau. 
No "pairs" were observed at 23 hours but during the subsequent 
5 hours the number of "pairs" increased rapidly. 	A plateau was 
reached by 29 hours and this lasted for some 12 hours but between 









Fig.5z Changes in theproportion of "pairs" (.) and "fours" (A) 
during the growth of explants at 25 °C, after treatment 
at 4 00•fot48 hours and changes in the proportion-of 
11 pairs" (o) of the control. 
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number of "pairs" to a further plateau. 	The product of the second 
division appeared in the macerate at 38 hours although they were not 
detected 3 hours earlier. 	This group of cells steadily increased 
over the next S hours. 
The proportion of "pairs" (Fig. 52 ) rose sharply between 23 
and 27 hours to reach a plateau of about 43%. 	
This p4utteau lasted 
for 12 hours and was followed by a further increase in the 
proportion of, "pairs" to another plateau of about 50%. 	The increase 
in the productsOf the second division was also expressed on a 
percentage basis. 	If both members of a "pair" divide four cells 
are produced but on occasions only one cell in the "pair" divides 
when a group of 3 cells is obtained. 	Thus a "pair" can divide 
once or twice. Therefore, if the total number of divided "pairs" 
is halved and this number expressed as a percentage of the number 
of "pairs" the proportion of cells which have divided twice is 
obtained. 	The results of these calculations are also plotted in 
Fig. 52 . 	The "pairs" begin the second division at 36 
hours and 
for the following 10 hours the proportion steadily increaseS. 
Mitotic index- 
(i) 	Control 	(Fig. .53) 	mitotic figures were first 
observed at 23 hours, 	The index then robe rapidly until a 
maximum of 22% was reached at 26 hours after which the index fell 
to a low level of about 1.5% at 33 hours. 	After 35 hours the index 
again rose rapidly, although not as rapidly as in the first peak, 











Fi9.53 Changes In the mitotic index during 
the growth of explants at 25 0C. 
Ell 
MOWS 
'Ig. 	Changes in the mitotic index during the growth 
of explants at 250C. after treatment at 40C.. for 48 
hours. 
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between the peaks was about 13 hours. 
(ii) 	Cold treated explants 	(Fig. 54 ) 	There were a few 
mitotic figures at 21 hours and in the following 3 hours the mitotic 
index rose rapidly to a maximum of 22% before falling sharply to a 
minimum of about 1% at 311 hours. After 32 hours the mitotic index 
rose again to a further peak of 15% at 39 hours. 	During the next 
4 hours the index fell to around 3% at 44 hours before increasing 
again, although only slightly this tine, 	The time interval between 
the two peaks of mitotic index was 14 hours. 
An examination of the changes in the proportion of " pairs " with 
time appears to indicate that the cold treatment has shortened the 
period in which the population of cells divides and thus increased L 
the degree of synchrony. 	This period lasted for a maximum of 
6 hours in the cold treated explants, as opposed to a maximum of 
S hours in the control. 	The proportion of "pairs" is not, however, 
as accurate a measure of the synchrony as the mitotic index. 	When 
the mitotic index curves are compared this increase in synchrony is 
not so evident. TM first peak of mitotic index reaches approximat- 
ely the same level in both cases. 	Since in the first wave of 
division about the same proportion of the cells divide, this 
comparison is valid. 	The minimum values in the trough ate 
similar, perbaps, being slightly lover in the cold treated explants. 
There is, however,a difference in the second peak. 	In the cold 
treated explants the peak rises to just above 15% whereas in the 
control it only reaches around 10%. unfortunately the proportion 
of dividing cells in the control at this stage was not determined 
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and therefore a strict comparison is not valid, 	it may be that a 
higher proportion of cells enter the second wave of division in the 
cold treated explants than the control and one would then expect 
to get a higher mitotic index, even though the degree of synchrony 
was not improved.  
In both cold treated explants and those of the control the lag 
phase lasted about 24 hours. 	This was followed by a rapid increase 
intell numbers which occupied about 8 hoursin the control and 6 
hours in the treated explants. 	In both cases the percentage 
division was about the same being between 2% and 4 5P. 	The changes 
in the numberof "pairs"show a similar pattern in both cases, except 
that the rate of increase was slower in the control. 	The products 
of the second division appeared in the macerate of the cold treated 
explants about 14 hours after the onset of the first wave of division. 
There appeared to be a slight increase in the number of " pairs " at 
the time of the second wave of division. 	The changes in the 
mitotic index in both cases were very similar. There was a peak of 
about 22% but in the cold treated explants this peak occurred an hour 
earlier than in the control. There was a fall to a low value 
before a rise to a further peak took place. 	In the control this 
second peak reached only 10% whereas in the cold treated explants 
it reached 15%. 	This mat, however, be due to differences in the 
proportion of dividing cells rather than a genuine improvement in 
the synchrony. 	In the cold treated explants a further fall in 
the mitotic index was recorded which was followed by another small 
rise. 	The time interval betwuen the peaks of mitotic index in both 
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cases was about 13 to 14 bouts. 	As far as tan be detected the cold 
treatment caused little improvement of the synchrony in the system. 
CONCLUSIONS 
From the results which have been presented in this section the 
following conclusions can be drawn. 	A short period of cold treat' -  
went leads to a reduction in the proportion of cells entering 
the first wave of division. 	As the cold treatment is extended the 
population of dividing cells continues to tall until a point is 
reached when further lenghtening of the cold treatment has the 
reverse effect. 	If the cold teatnent is of sufficient length the 
proportion of dividing cells in increased in relation to the 
gontrol, 	As far as could be detected a prolonged period of 
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I) I S C U S 5 I 0 N 
When explants, isolated from the Jerusalem Artichoke tuber, are 
placed in contact with a nutrient medium a proportion of the constituent 
cells is induced to divide. 	Once these cell divisions have begun they 
continue for at least 14 days. 	During this time the number of cells 
per explant increaseS 40 fold. 	In this way a callus is formed. 
A valuable property of this tissue, for experimental purposes, is 
its uniform structure and growth response. 	The explants consist, 
almost entirely, of large vacuolatod parenchyma cells and only 
occasionally are tracheids and xylem vessels found in the tissue 
macerates. 	Every one of these explants, when it comes into contact 
with the medium, is induced to grow and during the first 14 days of 
culture the variation in the cell numbers, of explunts harvested at 
the same time, is small. 
These cell divisions do not, however, occur as soon as the explants 
come into contact with the medium but are preceded by a period lasting 
several hours when there is no detectable change in the number of cells 
per explant. 	This period has been defined as the lag phase and is 
characterised by the complete absence of mitotic figures until 
immediately before the first increase in cell number. 	Once these 
mitotic figures have appeared they rapidly incruase in number until 
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a maximum is reached at a time which corresponds with the onset of a 
period of cell division. 	During the subsequent 4 to 6 hours the 
total cell number increases rapidly but this rate of increase is not 
maintained and the cell number reaches a plateau. 
A very sensitive method for the detection of the onset of a wave 
of division is achieved by counting the "pairs." 	Each "pair" 
represents the product of a cell division thus the presence of a small 
number of these "pairs" in the macerate provides evidence of a wave of 
division. 	After the end of the lag phase the number of " pairs " 
increases rapidly, parallel to the increase in total cell number. 
After the rapid increase in cell number there is a period of 
several hours when the cell number and the number of "pairs" appears 
to remain virtually constant. 	This period has been defined as the 
plateau phase. 	In several experiments, however, there does appear to 
be a gradual increase in the cell number. 	The fact that the cell 
divisions do not cease entirely is supported by the mitotic index data. 
After the first peak the mitotic index falls steadily, during the time 
of rapid cell number increase, and it reaches a minimum value at the 
time corresponding the the plateau phase. 	The index does not, however, 
fall to zero but remains at between 1.5% and 2% 9 sugesting that some 
cell division is still maintained. 	This plateau phase, in its turn, 
is replaced by a further period of active cell division. 	The second 
rise in cell number is again preceded by a rise in the mitotic index 
to a maximum value. 	As was the case with "pairs," in the first wave 
of division, the appearance of 'fours" in the macerate provides an 
accurate indication of the onset of the second wave of division. 
Results from several experiments have suggested that this second 
period of cell number increase is not maintained but is followed by a 
short period when the rate.of increase is slower. 
Clearly, from the changes which occur in the cell number and the 
frequency of the mitotic index during the first 60 hours of growth, it 
is evident that the early divisions in this tissue take place with a 
considerable degree of synchrony. 
At first it might seen unlikely that the first cell divisions 
in the development of this callus tissue should take place in a 
synchronous manner. 	On further consideration, however, it appears to 
he more reasonable. 	In the normal course of events the cells within 
the mature artichoke tuber are destined to relinquish their storage 
material in the Spring when the tuber sprouts and then finally die. 
They would not, normally, undertake alAy further cell division for which 
they are, presumably, totally unprepared. 	It has been observed by 
Adamson(1962), Partanen(1959), Mitchell(1967) that at the time of 
excision the nuclei of the constituent cells of the explant contain 
the QClevel of DNA. 	Mitchell(1968) has further observed that each cell 
contains a similar amount of protein and a similar amount of RNA. 	It, 
therefore, seems probable that each cell is in a similar state, with 
respect to division, and that during the lag phase various materials 
essential for cell division are synthesised. 	Since all the cells are 
in a similar condition initially and as it is probable that they progress 
toward division at a similar rate, it would not be unexpected for the 
cdlls to divide at about the same time, producing a wave of synchronous 
cell division. 	In this connection, results contained in Experiment 6 
are of some significance since it was demonstrated that a number of 
cells within the explant begin DNA synthesis over a limited interval 
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of time. 	Before and after this period, at least until after the first 
wave of division few, if any, cells appear to embark upon DNA synthesis. 
It is quite possible, therefore, that other tissues in which the cells 
are in a uniform state will exhibit synchronous waves of division when 
induced to grow. 
The fact that in this tissue the initial cell divisions take place 
in a synchronous fashion makes this a very valuable material for 
investigation into metabolic changes taking place at the cellular 
level. 	In a synchronous system the changes in the metabolic activity 
of the cells occur in unison and thus the activity of any given cell 
is reflected in the activity of the population of tae cells as a whole. 
Thus, with certain qualifications, the changes taking place within 
the explant reflect changes occurring within individual cells. 
Using such a synchronouu system information can be obtained about 
cl1ulr activities which possibly could not be obtained from an 
asynchronous system, without the use of elaborate techniques, and in 
some cases not at all. 	Because of the advantages of a synchronous 
system considerable effort has been spent, in recent years, in 
obtaining synchronous populations of cells and most success has been 
achieved with unicellular organisms such as Protozoa and Algae. 
The uniformity of the tissue and the synchronous waves of 
division are features of considerable value but there are some 
limitations in this material. 	Foremost amongst these is that only 
a proportion of the cells divide in the first wave of division. 
This proportion of cells varies between 30',4 and 60%. 	This means 
that after a few hours of culture two populations of cells arise s 
















Nov.-' Dec. Jan. Feb. 	Mar. 	Api. May 	June July 
Months 
Fig .55 Changes in the length of the lag phase with the 
increase in length of storage. 
Season 1965 - 66(s) 	1966 - 67 (U) 
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biochemical studies at the level of the explant this fact has to be 
taken into consideration, for it may be that although some cells are 
nob—dividing they are still metabolically active, producing changes 
in the explant not connected with. the process of cell division. 	It 
is of interest in this connection that during the lag phase and first 
wave of division virtually no. increase in fresh weight was recorded 
and presumably no cell expansion occurs. 	This suggests that the 
metabolism of the tissue is geared, almost entirely, to division during 
the early stages of growth and that in the non—dividing cells metabolic 
activity is quite possibly low. 	Attempts to increase the proportion 
of dividing cells, reported in Section III, were not very successful, 
although they did provide some information about the factors controlling 
cell division. 
A further limitation is that after the tubers have been stored for 
about 6 months the length of the lag phase increases and also becomes 
variable. 	The values for the length of the lag phase for a number of 
experiments have been collected together and in Fig. 55 they are 
plotted against time of storage. 	The first experiments were 
performed innaediately after the tubers were harvested in November and 
at this time the lag phase was at its shortest. 	In the case of the 
tubers harvested in 1965 the lag phase appeared to remain const.,nt over 
the firSt 5 months of storage. 	At the beginning of May an increase 
became apparent and by mid July the length of the lag phase, in 
several cases, had almost doubled. 	Not only does the length of the 
lag phase increase but it differs in length for the explants ,isolated 
fron different tubers, although these tubers were stored for the same 
Is ngth of time. Fortunately,however,it does appear to remain constantfor 
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all the explants isolated from the same tuber. 	In the cases of tubers 
harvested in November 1966 the length of the lag phase increased 
gradually throughout the period or storage. 	The lag phase was 
similar to that exhibited by explants isolated from tuLacs harvested 
in 1965. 	Accurate determinations of the length of the lag phase 
during the season 1964 - 1965 were not obtained until the middle of 
March when it was found to be about 30 hours. Naturally, as soon as 
there is any uncertainty as to the length of the lag phase experiments 
become more difficult to design as it is not until all the explants 
have been harvested that the exact time of division can be assessed. 
Thus, the sampling of explants for cell number determinations must be 
so arranged as to cover the most probable period in which the first 
wave of division will occur. 	For this reason it is better to perform 
experiments during the first 6 to 7 months of storage of the tubers. 
Another difficulty is that the inherent synchrony rapidly declines so 
that onlythe first two waves of division and the interphase which 
separates then is the level of synchrony sufficient for experimental 
purposes. 	Attempts to improve this situation, reported in Section IV 
did not have any marked success. 
In spite of these limitations the fact remains that it is one of 
the very few multic1lular systems in which inherent synchronous cell 
divisions exist and it is extremely useful material for the study of 
the induction and process of cell division and the sequence of events 
taking place dating the cell cycle. 
Before embarking on a consideration of these events it is 
instructive to ask a primary question and that is, what causes these 
cells to underta.e division? 	It is clear from the experimental data 
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presented that only a certain proportion of the cells divide in the 
first wave of division and this proportion varies between experiments. 
The cells which undertake division are concentrated in the outer layers 
of the explant, leaving an inner core in which cell divisions are rare. 
The fact that only certain cells divide, yet at excision the tissue is 
uniform, is of considerable significance. 	A study of the factors 
which limit divisions to the outer layers of the explant may provide 
some information as to what causes these cells to divide. 	Yeoman, 
Naik and Robertson (1968) suggested four wain possibilities:- 
Greater availability of oxygen in the outer layers. 
More rapid, release of carbon dioxide. 
Greater availability of nutrients. 
More rapid release of a volatile inhibitor. 
It has been demonstrated that 3mm. diameter explants, from which a core 
1mm. in diameter has Seen removed, have virtually the same proportion 
of dividing cells as 2mm. diameter explants. 	In the case of this 
hollow explant the maximum diffusion path for oxygen to reach all the 
cells was 0.5mm. whereas, in the case of the 2mm. diameter explant, it 
was 1mm.. 	The surface area/volume ratio of these 2 explants was, 
however, the same. 	The fact that there was no increase in the 
proportion of dividing cello and yet the diffusion Patti of oxygen 
was halved is evidence against the oxygen tension being a limiting 
factor. 	This is supported by the observations of Yeoman, Naik and 
Robertson (19 68) who showed that an increase in the partial pressure 
of oxygen, from one fifth to one half an atomosphere, had no effect on 
the rate of cell number increase and did not increase the proportion 
of cells dividing at the first division. 
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The second possibility, the presence of carbon dioxide, appears 
to be equally unlikely in view of the results obtained with the 
hollow explants. 	Since the diffusion path has been halved it would 
be expected that carbon dioxide would escape more readily. 	Equally, 
the same arguemeuts apply to the availability of nutrients and the s- 
escape of a volatile inhibitor. 	It would appear, therefore, that 
none of the possibilities listed above are directly involved in 
limiting the proportion of dividing cells. 	Yeoman, Naik and Robertson 
(1968) came to a similar conclusion from a consideration of the effect 
of temperature on the growth of the tissue. 
From the results obtained in experiments in which explants of 
different sizes were cultured, the possibility arises that the surface 
area/volume ratio is related to the proportion of dividing cells. 	A 
3mm. diameter explant, with a relatively low surface area/volume ratio, 
was found to have a smaller proportion of dividing cells in the first 
wave of division than a liw, or a 2mm. diameter explant. 	On this basis 
the 1mm, diameter explant, with the highest surface areu/volume ratio, 
would be expected to have the highest proportion of dividing cells. 
In fact, the proportion was found to be about the sane as the 2mm, 
diameter explant. 	It may be that in the Ima, diameter explant the 
proportion of dividing cells is united by some other factor. 	When 
explants are excised the cells in the outer layer are severely 
damaged by the cutting action of the cannula. 	The cells in the 
layers immediately below, although they remain in tact, are danaged by 
compression. 	As the sue of the explant decreases, the cells in 
the outer layers account for a higher proportion of the total and 
thus the Proportion of damaged cells also increases. 	It may be that 
in the lam. diameter explant the proportion of dividing cells is 
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limited by the fact that a large number are damaged and consequently 
unable to divide. 
It is significant that the proportion of these damaged cells on 
the outside of the explant is directly related to the surface area/ 
volume ratio. 	The possibility exists, therefore, that it is the 
presence of these damaged cells which in some way controls the popul- 
ation of dividing cells. 
It was observed by Robertson (1966) that after several hours of 
culture both acid and alkaline phosphatase activity could be demonstrated 
by histochemical techniques in the cells in the outer layers of the 
explant. 	These enzymes are closely connected with autolysis. 	The 
substance of these cells is presumably broken down and the materials 
released pass out into the medium and also into the deeper layers of 
the explant. 	In fact, it has been observed that there was a decline 
in the DNA content per explant during the first S to 10 hours of 
culture and this could have resulted from .autplysis. 	It is possible 
that these products of autolysis play a significant part in the 
proiotion of cell division. 	As evidence in support of this suggestion 
we may cite the experiments in which it was demonstrated that the products 
of autolysis, when added to the medium, incteased the proportion of 
dividing cells. 	These products of autolysis will not, however, 
promote division on their own since without the presence of substances 
in the medium, such as 2.4.1) and coconut milk, hardly any division 
occurs. However, results obtained by Fraser, Loening and Yeoman 
(1968) have shown that coconut milk is not essential for the completion 
of the first wave of division. 
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A similar interaction of "Leptohormone" with "wound hormone" was 
postulated by iiaberlandt ( 1921 - 22). 	He found that tissue cut from 
a potato tuber showed cell divisions leading to peridern formation 
only if phlocm and t'woutd hormone" were present. This "wound hormone" 
appeared to come from the contents of injured cells at the cut surface 
of the tissue. He was able to demonstrate that both the influence 
coming from the surface and from the phloew were diffusible chemical 
substances and that the interaction of the two is necessary for renewed 
division of the mature parenchyma cells of the potato tuber. 
Subsequently, he found that juice debris or extracts from tissues 
produced an effect on cell division much exceeding that from just 
wounding. 	Further, Reiche (1924) observed that when sap from crushed 
tissue was injected into small intercellular spaces active, cell 
division occurred in the injured cells. 	A considerable amount of effort 
was devoted to isolating these substances. 	A method of assay for the 
"wound hormone" was developed by Bonner and English (1938). A 
subsequent series of purification experiments led finally to the 
isolation of a highly active crystalline material which proved to be 
a long chain dibasis alphattc acid and was given the name traumatic 
acid (English et a1, 1939). 	It seems, however, to be only one of a 
number of co$ex factors governing wound response as the presence of 
certain other substances can greatly enhance its action. 	It seems 
possible, therefore, that the cells damaged when the explant is 
excised undergo autelysis and the products of this autolysis Pass out 
into the medium and also into the deeper layers of cells. 
Cettain of these autolysis products, in conjunction with 2.,L, have 
the capacity to stimulate cell division. 
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There are indications that some considerable changes take place in 
the walls of the cells in the outer layers. 	After only a few hours 
of growth the explants begin to appear slightly brown in colour and as 
culture progresses the cell walls of the cells in the outerlayers 
shrink and collapse against each other to form a rind. 	The cell walls 
Of this rind stain red with safranin (Robertson, 19 66) suggesting 
that substances similar to lignin are laid down in them. 	It has also 
been observed that the tissue which has been cultured for several hours 
is mote difficult to homogenise than the tissue at excision, and this 
is possibly due to changes in the cell walls of the tissue. 
A possible explanation for the results obtained in the 
experiments described in Section IVcan now be offerred. 	It was 
observed that a short period at ZiC, after excision, results in a 
reduction of the proportion of dividing cells. 	As the period of 
cold treatment was extended the proportion of dividing cells 
continued to fall until the point was reached when a further extension 
of this cold treatment reversed this trend. 	Any further extension 
then led to an increase in the proportion of dividing cells and 
eventually an increase relative to the controls was recorded. 	It may 
be that at 4 °C the changes in the cell walls occur only slowly and so 
materials readily pass out into the medium and are lost and e 
consequently less pass into the tissue to stimulate cell division. 
As the cold treatment s extended this eflect is aggravated. 
Metabolism does still, however, occur at this temperature. 	In fact 
cells will enter mitosis after 14 days at 4 °C (Yeoman. 1963). 	After 
sufficient time changes in the condition of the walls in the outer 
intact cells take place, possibly rendering them less permeable to the 
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outflow of materials. 	This leads to an increase in the passage of 
materials into the deeper layers of the tissue which eventually results 
in a rise in the proportion of dividing cells. 
An observation of considerable significance in the physiology 
of cell division in this tissue has been made by Fraser, Loening and 
Yeoman (1967). 	They found that if explants were excised in low 
intensity green light and cultured in total darkness the proportion of 
dividing cells was increased from 45% to 9 0%. 	In these experiments 
coconut milk was left out of the medium and the concentration of 2.4.1) 
was raised to 10— 5H, 	This does not, however, alter the fact that 
light appears to have a depressing effect on the proportion of dividing 
cells, 	At present this effect has been insufficieuy explored to 
allow any valuable speculation as to the mechanisms involved. 
It is evident from an examination of the results that the 
proportion of cells entering the first wave of division vane, between 
experiments. 	Generally about 40% of the cells divide but values as 
high as 60$ and as low as 30% have been recorded. The normal 
procedure for excising explants from the tuber used in this investigation 
was to perform the operation in a sterile room which was illuminated 
by a fluorescent lamp. 	In this way explants are exposed to around 
18 FC for over an hour. 	It was noticed that in the season 1964 - 65 
the proportion of dividing cells was about 60%. 	These were some of 
the first experiments in this investigation and they were performed 
at the Royal Botanic Gardens, Edinburgh, where the sterile room was 
illuminated with a single tungsten lamp. Unfortunately this room 
is no longer in existente so the light intensity at the level of the 
working bench cannot be measured but is was certainly of a weaker 
intensity and definitely of a different composition to the 
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illumination in the sterile room used in all the later experiments. 
It may be that this was the reason for the high proportion of dividing 
cells in these early experiments. 
Raving considered the problem of what causes the cells to divide 
it is now pertinent to examine and discuss the events which take place 
in preparation for cell division. 
Although the eelli number of the explant does not increase during 
the lag ,phase there is no doubt that it is a period during which some 
very considerable metabolic changes take place. 	The length of this 
lag phase, however, is not constant and is apparently not dependent 
on the method of culture or on the geometry of the explants. 	Yeoman, 
Naik and Robertson (1968) have come to the conclusion that the length 
of this lag phase is a property of the cells within the explant and 
represents the time required to undertake the preparation for cell 
division. 	The increase in the length of the lag phase, as the period 
of storage lengthens, is a teflection of changes which are taking 
place within the cells. 	The exact nature of these changes is, 
however, unknown. 	Robertson (1966) showed that the total nitrogen 
content of the explants decreased gradually as the time of storage 
increased and he also observed that the general ability of the tissue 
to accumulate nitrogen materials during growth decreased as the time in 
storage progressed. 	Morel (1965) found that the arginine content of 
the explants, which apparently accounts for 40 of the total nitrogen 
and. 80% of the free amino acids, was maintained during storage until 
the Spring when it fell sharply. 	This was associated with sprouting 
of the tubers. 	Those changes which lead to the extension in the 
length of the lag phase may, therefore, be connected with the nitrogen 
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metabolism of the tissue. 	However., other complex changes have been 
recorded during storage of the tubers. 	Jefford and Edelman (1963) 
found that there were changes in the carbohydrate composition of the 
tuber during dormancy. 	It is possible, therefore, that the extension 
in the length of the lag phase is due to the interaction of a variety 
of factors. 
Oneof the events which must take place during the lag phase is a 
period of DNA synthesis, since at excision the nuclei of the cells in 
the explant contain only the 2C level of DNA. 	The results indicate 
that in the first 10 to 12 hours of culture no increase in DNA takes 
place. 	In fact, there appears to be a gradual loss. 	This may be 
attributed, to the breakdown of DNA by autolysis in the cells on the o 
outside of the explants which hatbeen damaged during excision.. After 
this time the DNA increases and this increase continues until the wave 
of cell division at 21* hours. 	It appears, therefore, that the "5" 
phase is about 12 hours in length and that G2, if it exists at all, is 
only very short. 	Results obtained froin a study of the changes in the 
rate of incorporQtion of tritiated thyntidine into DNA are in agreement 
with this interpretation. 	Mitchell ( 1967) has followed the time 
course of DNA synthesis in nuclei by staining with Feulgen and 
measuring the intensity of stain with a microdensitometer. 	ftc found 
that the "S" phase was about l* hours long in several experiments in 
which the lag phase varied in length from 25 hours to 1*0 hours, 	He 
concluded that the "S° phase was constant in length and independent of  
the length of the laghse. 	The fact that the "5" phase was observed 
to be of loner duration using the histochemical technique may be 
explained by the fact that it is a rather more sensitive method of 
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measuring changes in DNA per cell than the chemical method which iu 
based on the whole explant. 	Mitchell further concluded that since 
the "Se phase was constant and 02 was very short the increase in the 
length of the lag phase, due to seasonal changes, must result from the 
lengthening of the pre "8', period. 
It has been observed (Naik, 1965; Mitchell, 1967) that virtually 
all the cells that synthesise DNA in the first "S' . phase subsequently 
divide in the first wave of division. 	This was also observed to be 
the case from an examination of the proportion eLi labelled nuclei in 
sections after explants have been cultured in the presence of tritiated 
thyinidine and an examination of the increase in cell number of these 
explants. 	It was noted, however, that there was an increase in DNA 
content per explant of some 15 to 20% during Vie lag phase which 
could not be accounted for in terms of the increase in cell number. 
Although DNA has been recorded in mitochondria (Suyasna and Bonner, 
1966) and in plastids (Kirk, 1966) the amounts involved are so small 
and are unlikely to account for this increase evenif there was a 
massive increase in the number of these organdies during the lag phate. 
Mitchell (1967) found some indicationthat the DNA content in the 
nu;-,lei of all the cells in the explant rose by about 10% after 
excision and before the Lint 051' phase. 	If this does, in fact, 
happen it would account for some of this increase. 
During the period of cell number increase and the early part of 
the plateau phase the DNA content per explant remains more or less 
constant. 	A second period of DNA synthesis is then initiated in 
preparation For the second wave of cell division. 	This "S" phase 
takes place about 8 hours after the beginning of the interphase and 
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appears to be very short, apparently only occupying 2 to 3 hours. 
There is no doubt that this second "8" phase is very much shorter 
than the first. 	Since, per cell, the same amount of DNA is 
synthesised in both "8" periods, i,e, the content per nucleus doubles, 
• this difference is difficult to explain. 	For cellular DNA synthesis 
to take place three main requirements must be net. These are:- 
Presence of the four deoxyribonucleoside triphosphates. 
DNA polymerase. 
Primer DNA. 
Thus, the level of the four nucleotides within the tissue could be a 
limiting factor upon the rate of DNA synthesis during the first "8" 
phase. 	In order to maintain the nucleotide pool it might be nesessary 
for the tissue to take up exogenous precursors.. In fact, it has been 
observed by Hotta and Stern (1965) that the rate of DNA synthesis in 
wheat embryos is dependent on the level of exogenous thymidine. 	The 
observations on the rate of uptake of tritiated thytnidine into the 
tissue may be of some significance in this connection. Uptake is low 
initially but gradually increases Until a few hours before the 
beginning of the "S" phase when a vast increase in the rate or uptake 
of thymidine occurs. 	If it was the exogenous sources which were 
supplying the precursors £ or DNA synthesis it might be expected that the 
rate of uptake would closely follow the rate of DNA synthesis. 	This, 
however, does not appear to be the case as the rate of uptake declines 
very sharply soon after the. onset of DNA synthesis and is relatively 
low when the rate of DNA synthesis in the tissue is at a maximum. 
The uptake of thymidino, however, does appear to be closely controlled. 
Hotta and Stern (1963 and 1963bj observed that in sporogenous tissue 
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of Liliurn and Trillium, thymidine kinase is appreciable for only 12 
to 15 hours in an interphase which lasts 20 days and that this 
activity occurs about a day before DNA syathesis takes place. 	Thus, 
the increase in the uptake of thywidine may be connected with an 
increase in the activity of thymidine kinase in this tissue. 
The second factor, DNA polyinertise, may also play some part in 
the regulation of DNA synthesis. 	Thus, nazis ( 1964) has evidence 
from studies on the sea urchin embryo that there is a pronounced 
parallel between the rate of cell multiplication and the polymerase 
activity of the nuclei and in general the polymerase activity is one 
of the elements involved in the control of the rate of cell division. 
A study of the nucleotite poe's present during the lag phase and 
interphase before the second division and also a comparison of the DNA 
polywerase activity during the two l' s " periods would no doubt prove 
instructive. 
The total nucleic acid in the explant8 also changes markedly 
during the lag phase and first wave of division, 	It increases in a 
series of steps. 	The first of these occurs about halfway through the 
lag phase whilst the second takes place towards the end of the lag 
phase. Yet another abeupt increase occurs two thirds of the way 
through the intorphase before the second wave of division. The 
overall increase in the nucleic acid by the end of the second step 
vIS in the region of 80% to 90%. 	As mentioned previously there is 
evidence that DNA accounts for a small proportion of the total 
nucleic acid so that the changes in the uucleic acid can be attributed, 
in the main, to changes in the RNA content and to the ribosomal RNA 
in parrticulat, 	It would seem, therefore, that rapid accumulation of 
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ribosomal tiNS takes place in two separate periods during the lag phase 
and these correspond to a period at about the beginning of "S" and 
another towards the end of "S" or during the wave of division. The 
investigation of the rate of RNA synthesis using tritiated uridine 
indicates the presence of three peaks in the rate of uridine incorpor-
ation. Two of these peaks occur at times which probably correspond 
to these periods of tiNS accumulation. The other peak occurs at about 
12 hours mud does not appear to be associated with any net accumulation. 
These peaks of incorporation, of course., do not necessarily indicate 
accumulation of ILNA, as turnover also results in incorporation and an 
increase in the rate of turnover could have been responsible for this 
first peak. 
It must be borne in mind that in the experiments of this present 
investigation rather less than half of the cells divided in the first 
wave of cell division and no evidence has been obtained that the periods 
of tiNS synthesis take place in the dividing cells and are associated 
with division. 	Fraser (1967), however, has also found that there is 
an accumulation of RNA about half way through the lag phase and a further 
rapid accumulation at the time of the first wave of cell division.. 
Under the conditions used in his experiments the majority of the cells 
divided and this suggests that these changes do occur in the dividing 
population of cells. 
The actual flgniI:icañcot of these periods of RNA accumulation in 
the process of induction and cell division can not be fully assessed 
until it is accurately known at what times these periods of 
accumulation occur in relation to other events, or whether ,  indeed 
there is any fixed sequence of events. Unfortunately the results 
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which have been obtained do not provide unequivocal data on this point. 
Thus, in one experiment the first increase in RNA occurs after the 
beginning of "5" whereas in another it occurs shortly before the 
beginning. 	The second period of accumulation is even less accurately 
located. 	In one experiment it definitely appears to be associated with 
the latter part of the 	phase whereas in the other it appears to 
occur during the period of most active cell division and may be associ-
ated with G2 7 mitosis or, perhaps, with very early in! terphase of the 
second division. 	In fact, instances have been recorded in which 
synthesis of RNA has been shown to occur during each of these periods. 
An examination of the synthesis of TWA in developing microspores of 
Liliuni longiflorun (Steffensen, 1966) indicates that RNA synthesis is 
most active just before division and soon after the division. 	It was 
further shown that ribosomal RNA makes up the major proportion of TWA 
synthesised. 	In root tip cells of Vicia faba Woodard, ltasch and 
Swift (1961) observed a slight increase in cytoplasmic TWA shortly 
before prophase and another sharp increase shortly after telophase, 
although during mitosis there was an abrupt fall in TWA content. AMa 
(1963) has obtained evidence of TWA synthesis during early prophase in 
onion root tips. 
The interphase before the second division is likely to be more 
comparable to the intorphase in other actively dividing systems than 
the lag phase. Unfortunately, because of the decline in the inherent 
synchrony and the relatively short length of this interphase, information 
about events in this period is more difficult to obtain and interpret 
than information about events in the lag Ohase. 	The results that have 
been obtained indicate that TWA accumulation does not occur until 
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about two thirds of the way through the interphase and this is at about 
the time of the. "8" phase 
The study of the changes in the protein content of the tissue 
shows that an increase in the acid resistent protein takes place soon 
after, half way through the lag phase and a second increase occurs at a 
time which corresponds to the second wave of division, 	The changes in 
the protein,as indicated by the changes in the alcohol insoluble 
nitrogen, do not, however, appear to support these results. 	In one 
experiment no change was recorded in the alcohol insoluble nitrogen 
until after the onset of the wave of division, whereas in Experiment 
15 the results have been interpreted as indicating a gradual increase, 
beginning soon after ialf way through the lag phase, the rate of which 
gradually accelerated as the time of culture progressed. 	On re- 
examination of the results of this experiment, however, they could be 
interpreted as an increase occurring in two steps, which took place at 
times similar to the changes in the acid resistent protein. 	The 
values for the acid reststent protein nitrogen and the alcbhol 
insoluble nitrogen are in good agreement and both represent about 33 
of the total nitrogen. 
The investigation of the rate of protein synthesis as indicated 
by the rate of incorporation of CBs leucine into protein suggests a 
maximum rate of synthesis about half way through the lag phase and the 
possibility of a second peak during the wave of division. 	Neither of  
these peaks are, however, very well defined. Turnover of protein 
leads to incorporation of leucine and this could be responsible for 
much of the incorporation recorded in the experiment. 
The indications are, therefore, that protein accumulation occurs 
-I 
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soon after half way through and also at the end of the lag phase. 
Mitchell (1968) has recently obtained results using a histochemical 
technique which are broadly in agreement with these. lie found that 
after a few hours of culture two different populations of cells could 
be distinguished on the basis of their protein content; The cells in 
the centre of the explant which did not accumulate any protein and the 
cells in the peripheral layers which accumulated protein to the extent 
of about 40&. 	In this present investigation the methods employed, 
which were based on the whole explant, failed to detect this increase. 
It is probable that some protein was lost due to autolysis of damaged 
cells during the early period of growth and this loss probably obscured 
any increase which may have taken place. 	In fact, there was a 
suggestion of a slight fall in protein content during the first 2 hours 
of culture. Soon after the beginning of the "5" phase the peripheral 
cells cotkagain be subdivided into those which synthesise DNA and 
those which dèlnot andasre, therefore, not destined to divide. The 
pattern of protein accumulation in these two groups was, however, 
similar in that a period of accumulation occurred after the beginning 
of the "5" phase and the second one sonietimetowards the end of the 
KSH phase. 	Mitchell also found that the protein content of the 
dividing cells virtually doubled before division. He concluded that 
since both non—dividing anddividing cells exhibited a similarpattern 
of protein accumulation this pattern may be a necessary accompaniment 
to DNA synthesis and cell division but these events may not be a 
necessary consequence of this pattern. 	Although the pattern of 
accumulation is apparently the seine it is possible that there are 
qualitative differences in the protein complement of these two 
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populations of cells. An examination of the qualitative changes in 
this protein complement, during the lag phase and the first waves of 
division by a technique such as gel electrophoresis 1 would prove 
informative. Further, if the changes in the explants in which a 
high proportion of cells divided could be compared to one in which 
this proportion was low it might be possible to identify changes 
epecific4lyassociated with cell division. 	In a recent report 
Siskin and Wilkes (1967) provided evidence that some pn'tein, 
specifically associated with mitosis, was synthesised in human amnion 
cells during a period which corresponded to 02 and that this protein 
was conserved and "inherited' by the daughter cells. 
In view of the metabolic changes which had been observed to occur 
during the early growth of the tissue it would not be unexpected for 
the rate of respiration also to exhibit profound changes. 	This was, 
indeed, found to be the case. The rate of oxygen uptake increased 
steadily over the first hail of the lag phase, in tact, the rate 
doubled in this period, but thou it reached an almost constant level 
ffor the remainder of the lag phase and the firstwave of division. 	A 
further increase occurred during the interphase before the second 
division. 	In one experiment there was a suggestion of a slight full 
in the rate of oxygen uptake at the time of the cell division but this 
was not confirmed in a later experiment. Thus the rate of oxygen 
uptake increases during the early part of the lag phase when synthetic 
activity is apparently low and reaches a constant rate when the 
synthetic activity is high. 
The rate of carbon dioxide output increaseS throughout the lag 
phase and first wave of division but the rate of increase steadily 
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declines. 	The fact that the changes in the rate of oxygen uptake and 
carbon dioxide output are not the same naturally leads to a change in 
the JLQ. 	At 4 hours it was about 0.6 and it rose steadily until it 
reached about 1.2 at the end of the first wave of division. There was 
then a slight decrease. 
It is tempting to speculate as to why this pattern of change in 
the respiration rate occurs. 	The fact that the rate of increase in 
the oxygen uptake slows down to virtually nothing, whilst the carbon 
dioxide output continues to increase, suggests that a limitation occurs 
first at the level of the electron transport system rather than the 
level of the breakdown of substrates. The availability of APP and 
inorganic phosphate is known to have a controlling effect on respiration 
(Lehninger, 1965) and this control is exercised at the level of the electron 
transport syteut. 	One possibility is, therefore, that it is a lack 
of sufficient APP which prevents a further increase in the rate of 
respiration. 	It is perhaps significant that,during this period(( 
constant respiration rate, synthesis of DNA and RNA takes place. 
Adenosine is incorporated into both these substances and possibly the 
available adenosine is preferentially incorporated in this synthesis 
rather than being converted to APP, which would then be available for 
further oxidative phosphorymation. 	After the wave of division the 	rate 
of respiration increased further and this takes place when there does 
not appear to be any accumulation of DNA and RNA. 
Equally the availability of inorganic phosphatt might be acting as 
a controlling factor in this tissue. 	Like adenosine, phosphate is 
involved in the synthesis of both DNA and RNA and likewise it might be 
preferentially used in this synthesis rather than being available for 
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oxidative phosphorylation. 	It is realised that this is very probably 
an over simplification and that other mechanisms cotid be involved. 
Further study of the changes in the rate of respiration in this tissue 
would prove rewarding. 
An observation which might have considerable significance for an 
understanding of the physiology of cell division was that in a number 
of experiments the number of "pairs" underwent an increase soon after 
the onset of the second wave of division. Althugh this increase was 
only small it was frequently observed and has also been recorded by 
Mitchell (1967b) and Fraser (1967b) in this Laboratory. 	Therefore some 
cells which do not divide in the first wave of division are induced to 
do so in the second. 	It is difficult to understand why these cells do 
not divide at intervals through the interphase between the two waves 
of division unless some fairly rigid control of cell division in the 
tissue is postulated. 	Thus, the cells which have not begun mitosis 
by the end of the first wave of division are prevented from doing so 
until the second wave. 	This control can not be complete, however, 
as a few cells do divide in the period between the waves of division 
as demonstrated by the tact that the mitotic index does not fall to 
zero. 	It is not known to what extent these cells have completed 
their preparation for division, although it would appear that they 
have not undertaken a period of DNA synthesis. As described 
previously, virtually all the cells which synthesise DNA in the lag 
phase divide in the first wave of division. 	Therefore, DNA synthesis 
must occur during the interphase before the second wave of division. 
The first "S" phase after excision was found to be about 12 hours in 
length and if the pattern of DNA syôthesis in these cells is the same 
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as for the first "S" phase in the other cells of the tissue, virtually 
the whole of the interphase would be taken up with DNA synthesis. 
Alternatively, if the "S" phase is similar in length to that in the cells 
which are undertaking their second "S" phase it would suggest that the 
rate of DNA synthesis is influenced by the internal environment of the 
tissue. 
In order to bring together all the data conceraing events taking 
place during the lag phase, mitosis and the interphase before the second 
division these periods are divided up in relation to DNA synthesis. 
The events occurring in each of these periods are summarised. 	The 
terminology of Howard and PeIc ( 1953) is applied to the lag phase, 
although it is realised that the term GI is not strictly applicable 
to the period between excision and DNA synthesis since some of this 
period is concerned with the induction of cell division. 
"GI period 
This period is marked by a rapid increase in the rate of oxygen 
uptake and also an increase in the rate of carbon dioxide output. 
The protein and the RNA content of the tissue remain virtually constant. 
There is, however t a steady increase in the rate of incorporation of 
C14 leucine into protein. 	The rate of incorporation of tritiated 
uridine into ILNA is slow at first but increases to a peak value 
towards the end of this period. 
	The total nitrogen of the tissue 
exhibits a single abrupt increase. 
	At the end of this period there is 
a considerable increase in the ability of the tissue to take up 
thytnidine. 
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tistv  period 
The increase in the rate of oxygen uptake declines and the rate 
remains more or less constant for the majority of the"S" phase, which 
lasts some 12 hours. The rate of carbon dioxide output, however, 
continues to increase. There is an abrupt increase in the RNA content 
during the early part of this period and another increase towards the 
end. 	The ability of the tissue to take up thywidine rapidly declines. 
There is a sharp increase in the protein content of the tissue early 
in this "S" phase and the rate of incorporation of Clls leucine reaches 
a maximum about half way through this period. The total nitrogen 
appears to increase towards the end of the "5" period. 
period 
Since the completion of DNA synthesis is closely followed by cell 
division the G2 period, if it exists, is only short. 	A auinkor of 
changes, however, take place at the end of "S" and the beginning of the 
wave of cell division. 	Since the synchrony is not complete it is not 
easy to tell whether these changes occur during the end of the 
phase or in 02 or during mitosis itself. 	The rate of carbon dioxide 
output continues to increase although the oxygen uptake remains constant. 
There is a further increase in the protein and RNA content of the tissue. 
and there also appears to be an increase in the total nitrogen. 
	There 
is a peak in the rate of incorporation of tritiated uridine into RNA 
coincident with a wave of division and there is also a small peak in 
the rate of incorporation of OPt leucine into protein. 
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Mitosis 
A measure of the average time spent in mitosis can be obtained 
from the mitotic index data. If the synchrony in the system was 
perfect the mitotic index would rise vertically to a value corresponding 
to the number of di.'iding cells and then, after a period of time equal 
to the length of mitosie, it would fall vertically to zero. 	The 
area under the line would be equal to h (mitotic index) x t (tine of 
mitosis). 	in a completelyasynchronous system in which the same number 
of cells divide the mitotic index would remain constant at a certain 
value. 	Th., area under the line, in this case, would be Ii (mitotic 
index) i t1 (time in which the proportion of cells divided). 	The 
area under these two curves would be the same. The same considerations 
are true for a mitotic index curve of a semi—synchronous system such as 
was obtained in the investigation. 	The number of dividing cells 
was known and the area under the line could be found and hence the 
time of mitosis. 	In Experiment 32 the control gave a value for 
mitosis of 2.14 hours, whilst the first wave of division of the cold 
treated cells gave a value of 2.2 hours. 	In Experiment 12 a value of 
3.4 hours was obtained. 	It seems., therefore that the time taken for 
a cell to progress through mitosis is about 2 to 3 hours. The same 
reasoning can be applied to the prophase index of Experiment 12 and a 
time in prophase of 2.1 hours was obtained and, therefore, prophase 
occupies about 60% of mitosis. 
The interphase before the second wave of division can also be sub-
divided in relation to the period of DNA synthesis. Less information 
has, however, been obtained about events in this interphase and that 
Table 16 
Method 	Length 	 Length 	Date of 
of culture of lag phase 	of interphase experiment 
Mar 30 13 11th March 65- 
MOD 40 12 16th June 65 
* 
Agar 20 9 17th Nov. 65 
Mar 19 10 17th Nov. 65 
Mar 20 13 6tLDecv. 65 
Agar 19 12 GthDec, 65 
Liquid 23 15 24th Jan, 66 
Liquid 24 12 215t Feb. 66 
Liquid 48 12 16th July 60 
.3, 
Liquid 16 9 8th Nov. 66 
Liquid 17 10 
* 
14th Nov. 66 
Liquid 17 9 23rd Nov. 66 
Liayid 20. 12 5th Dec. 66 
Liquid 25 13 13th March 67 
Liquid 24 13 13th Larch 67 
* No storage 
A comparison of the length of the lag phase and the length of the inter- 
phase before the second wave of division in experiments using explants 
from tubers stored for various lengths of time 
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which has is less substantiated4 
	A value for the length of this 
interphase can be obtained by measuring the time interval between the 
first nppearance of "pairs" and the first appearance of lIfjrsfl 
Table 1.6 shows the length of this interphase and the corresponding length 
of the lag phase in tue number of experiments. 	It can be seen that this 
interphase is more or less constantat about 13 hours and somewhat 
shorter in explants obtained from tubers which had not been subjected 
to storage. 	Its length does not appear to be influenced by any change 
in the length of this lag phase. The length of the interphase, as 
measured by the time interval between the first and second peak of 
mitotic index, also gives a value of 12 to 13 hours. 
"Si" phase 
The rate of oxygen uptake increases during this period and this 
increase is faster than the increase in the rate of carbon dioxide 
output. 	There appears to be no nucleic acid accumulation and the 
protein content of the explants does not seem to increase until the 
latter part of this period. The total nitrogen content remains 
constant. 
,Lhase 
Thia period is apparently of short duration. 	There are 
indications that the JIMA content of the tissue increases during this 
period. 	There is also the possibility of an increase in the protein 
content. 	There is a suggestion that the rate of oxygen uptake does 
not increase. 	Unfortunately, beyond this "S" period information is 
only fragmentr. 
154 - 
The results which have been reported in this thesis have really 
been of the nature of a survey, defining and assessing the value of 
the system as experimental material. 	In the future it should be 
possible to make a far more detailed stud:' on specific aspects of 
the process of induction and cell division. 	Already Mitchell, in 
this Laboratory, is involved in 'a histochemical analysis of the 
changes occurring during culture and Fraser is carrying out a bio-
chemical study of the changes in the RNA of the tissue. Yeoman' is 
engaged on a study of the mechanism of action of 2.4.0 in promoting 
cell division and Bagshaw is examining the ultrastructural changes 
which take place during the early stages of growth of the tissue. 
A further study which would, without doubt, yield valuable 
information would be the examination of the qualitative changes in the 
protein complement of the tissue. This could be combined with an 
examination of the changes in the activity of enzymes, 	Inhibitors 
have become a 'valuable tool in the study of physiological processes 
and could well be applied in studies on this system. 	One approach 
would be an examination of changes in the response of the tissue 
during the lag phase to a specific inhibitor. 	The events in the 
interphase before the second wave of division are likely to be more 
typical of actively dividing cells than the lag phase and a more 
detailed study of this interphase would undoubtedly provide further 
information about the cell cycle. 
Since this work was begun there basMY'-..jteefl a major development 
which has further improved the system. A high proportion of cells can 
now be induced to divide by taking the simple precaution of setting 
up the experiments in low intensity green light. 	Further these 
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divisions will occur without the presence of coconut milk and, 
therefore, explants can now be cultured on a fully defined medium. 
These modifications will doubtleSs be adopted in any further series 
of experiments. 
It would seem that analytical techniques have now reached a high 
degree of sophistication and a situation in Biology has possibly 
arisen when further rapid progress depends on the discovery of new 
biological systems as experimental material upon which to apply these 
techniques. 	It is felt that the early stages in the growth of 
artichoke explants provides one such system. 
-1.365- 
S U N H A It Y 
It was observed that when explants, isolated froti tubers of 
Jerusalem Artichoke, were brought into contact with a nutrient medium 
a proportion of the constituent cells were induced to divide. 
These cell divisions continued for at least l* days and the 
variation in the cell number and fresh woight,of explants cultured 
for the same length of time, was small. 
Evidence has been obtained from an examination of the changes in 
cell number and the frequency of mitotic figures that the initial cell 
divisions took place in a synchronous wanner, 
Ii. 	No increase in fresh weight was recorded until after the first 
wave of division. 
5, 	It was observed that cells which have undertaken a division could 
be readily separated from those which had not by the fact that the 
daughter cells( "pairs") were retained within the cell wall and were 
only separated by a thin wall. 
6. 	It was also observed that cells which had divided twice could be 
separated from the non—divided cells and from those which had divided. 
only once, 
7. 
A method for culturing the explants in liquid medium was devised. 
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1 	8. 	It was shown that the first wave of division was preceded by a 
lag phase, the length of which depended on the duration of storage. 
9. During the lag phase a period of DNA synthesis, lasting about 12 
hours 1  was shown to take place, the completion of which was closely 
followed by cell division. 	A second "S" phase of much shorter 
duration occurred in the interphase before the second division. 
10, 	The timing of DNA synthesis, as indicated by the incorporation 
of tritiated thymidine, was in agreement with the data obtained by 
chemical techniques. 
116 	The total nucleic acid of the explants was shown to increase in 
a series of steps. The first increase occurred at about the beginning 
of "S" whilst a second occurred at the end. Another increase appeared 
to occur during the interphase before the second division. 
The rate of RNA synthesis as indicated by the incorporation 
of tritiated uridine, showed a series of three peaks during the lag 
phase. 
The total nitrogen content of the explants was shown toundergo 
an abrupt increase early in the lag phase and another towards the 
end of the lag phase. 
l. 	It was shown that the "protein" nitrogen of the tissue increased 
in a series of steps. 	The first step occurred at about the beginning 
of the first "S" phase whilst another took place at the end. 
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Protein synthesis., as indicated by the incorporation of C14 
leucine into protein, exhibited a maximum rate at a time which 
corresponded to the middle of the first "S" phase. 	A second slight 
peak was observed to occur at about the beginning of the 'wave of division. 
An examination of the rate of oxygen uptake showed that it 
increased during the early part of the 1g phase but it remained 
constant during the period of DNA synthesis and division. A further 
increase in rate was recorded during the early part of the interphase 
before the second division. 
The rate of carbon dioxide output was shown to increase from soon 
after excision but this rate of increase gradually declined. 
The RQ changed from about 0.6 to 1.2 during the lag phase and 
first wave of division. 
It was known that cell divisions occurred predominantly in the 
outer layers of the explant leaving a core of cells which did not 
divide. 	Evidence was obtained from an examination of the proportion 
of dividing cells in a hollow explant which suggested that neither 
oxygen tension, the supply of nutrients or the presence of volatile 
inhibitors prevented these cells from dividing. 
An examination of the proportion of dividing cells in expinita 
with different diameters suggested that the surface area/volume ratio 
was of some significance in controlling the dividing population. 
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It was noted that the proportion of damaged cells was directly 
related to the surface area. 	It was also observed that products of 
autolysis, when added to the medium, increased the proportion of  
dividing cells. From those observations it was deduced that substances 
produced by the damaged cells play an important part in the induction 
of cell division. 
It was observed that a short period of treatment at ± °C led to 
a reduction in the proportion of dividing cells. 	The extension of 
this col4 treatment led to a progressively lower proportion of division 
until a pcint was reached when any further extension of the cold treat-
ment produced aniñcrease in the proportion of the dividing cells. 
23; Some suggestions were made to account for these results. 
24. Attempts to increase the level of synchrony using a period of 
cold treatment were not successful. 
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CHANGES IN MITOTIC ACTIVITY 
DURING EARLY CALLUS 
DEVELOPMENT 
By DR. M. M. YEOMAN, P. K. EVANS and 
G. C. NAIK 
Department of Botany, University of Edinburgh 
WHEN an inoculum is taken from a tuber of Jerusalem artichoke, Fielianthus tubsrosus, and transferred to 
a suitable medium a callus culture is established, the 
development of which depends on vigorous cell division. 
For the analysis of at least the early stages of the process, 
the state of the cells with respect to the division cycle at 
the time of excision is a matter of some significance and 
it is this which is the subject of this article. 
The observations that are presented have been made 
with cultures grown on an agar medium which contains a 
mineral salts mixture, sucrose, 2 4-dichlorophenoxy 
acetic acid and coconut milk. Essentially similar results 
have also boon obtained using a liquid medium of the 
same composition'. After a lag phase (the lqngth of which 
depends on the age and state of the tuber from which the 
inoculum is taken) ,rapid division begins. These early 
divisions are in the superficial layers only'. The first 
divisions occur in the outermost layers of cells and with 
these the long axes of the spindles are predominantly 
parallel to the surface. With subsequent divisions the 
spindle is at right angles to the surface, giving rows of 
celh also at right angles to the surface. 
Important evidence regarding the initial state of cells 
is provided by observations on the course of change in 
the number of cells with time. The results of one set of 
such determinations are presented in Fig. 1. Those results 
were obtained with an experimental design which has been 
described in detail elsewhere'. It is evident that even after 
division begins increase in the number of cells does not 
occur uniformly with time, in the cultures of this experi-
ment them is no change during the first 36 h, but after-
wards an abrupt increase occurs which is completed 
within a few hours. This is followed by a period of about 
12 h during which the number of cells remains constant. 
After this a second abrupt rise is observed. It may be 
emphasized that it is only the superficial cells that divide, 
but the data show that these do so more or less synchron-
ously. The data suggest that a wave of mitosis occurs 
immediately before the first abrupt increase and that 
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Fig. I. Changes in the cell number e) of explants growls at 25' C 
wave of mitosis is completed following the intcrphaso vlucli 
succeeds the first mitosis. A high mitotic index (12 per 
cent) has been observed immediately before the first 
increase but not earlier, and the interpretation proposed is 
further supported by counts of cell pairs that are seen in '  
certain of the macerates on which the determinations of 
total cell number arc made; Each pair is held together 
within the wall of the parent cell and the members of the 
pair are separated by the thin wall formed at the end of 
mitosis. Each pair is therefore the consequence of an 
immediately preceding division. Pairs can be seen only 
when the first sharp increase in total cell number begins. 
Thereafter the proportion of these increases sharply as the 
first increase in total cell number is completed. in due 
course a phase is reached in which the proportion of pairs 
remains approximately constant, and this corresponds 
to the phase of more or loss constant total numbers which 
precedes the second sharp increase in total numbers 
(900 Fig. 2). 
Clearly the evidence indicates that at the time of 
excision all the cells in the explant are at about the same 
stage with respect to the division cycle, that those that 
are stimulated to divide all approach the first mitosis, 
during the initial lag period, at approximately the same 
rate. Certain observations indicate that the stage from 
which the progress to mitosis begins in the lag period is 
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Fig. 2. Changes in the cell number (S). base call number Ct (veil 
i,ujiil,vr—zeumbor of cell pain), and tim percentage of cell pairs (Q), 
daring the growth of explants at 25' C 
population have been taken at intervals, the individual 
explants fixed in ethanol—acetic acid (3 1), sectioned at 
SOix and Feulgen stained'. The density of staining has 
been measured microspectrophotosnetrically, and these 
observations have confirmed those of previous workers, 
who showed that immediately after excision, with respect 
to DNA content, all he cells are in the 20 condition and 
that they attain the 40 condition before division occurs. 
The approximate time of the transition has been analysed 
in cultures in which tritiated thymidine has been added 
to the cultures and the proportion of labelled nuclei 
determined 0  on sections from explants cultured for differ-
ent periods. The results are showia in Fig. 3, in which the 
corresponding change in the total number of cells is also 
shown. It is evident that while • in this experimental 
series the first increase' in cell nwnber begins after 24 Ii, 
nuclear labelling begins after 12 It but before 24 h. While 
cell number is increasing from 24-36 It there is little or 
no increase in the proportion of labelled nuclei, but after-
wards this increases again while the total cell number is 
more op less stationary. The data are not sufficiently 
critical to provide a basis for the estimation of the duration 
of the S and G. phases preceding the first division wave Or 
of the durations of the three phases during the second 
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Fig. 3. Changes in hit cci I number (g) anti ihe peritn loge or label led 
nuclei per section ( *) of explants cultured at 25 C on a medium coil- 
tabling 'It ilmyinitiltie (0-00  pc/tnt. specific activity 3-0 c/na!) 
the pit-DNA synthesis phase (early O) at the time of 
excision. This corresponds to the observation that at the 
beginning of the experimental period the cells are in the 
20 state with respect to DNA content. 
It ia significant that nuclear labelling is not observed 
during the first 12 Ii. However, an acceleration in respira-
tion is observed immediately transfer to the culture 
medium is effectedm. Tile enhanced respiration no doubt • 
promotes accelerated metabolic activity and it may be 
strppoqcd that a progress through 0 begins immediately 
the cells are transferred to the culture medium. This in 
turn suggests that at the time of excision the cells are 
uniformly in early O. 
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ABSTRACT 
Explants isolated from Jerusalem Artichoke tubers are stimulated to divide 
when placed in contact with a nutrient medium containing sucrose, mineral salts, 
coconut milk, and a: 4-dichlorophenoxyacetic acid. The first two or three cell 
divisions, which only occur in the outer layers of the explant, do not occur uni-
formly with time but are, at least, partially synchronous. This synchrony, which 
decreases with successive divisions, is inherent. DNA synthesis, which is an 
essential prerequisite for division in these cells, is also partially synchronous. 
These conclusions, while being of some significance in relation to the inter-
pretation of the early development of the callus, are also of some interest in rela-
tion to the possible exploitation of this system for the study of cell division. 
INTRODUCTION 
IN an earlier paper (Yeoman, Dyer, and Robertson, 1965) the succession of phases in the development of a Jerusalem artichoke callus is described 
where the culture is established from explants taken from a parent tuber. 
The work on which this report was based involved observations on samples 
taken at relatively long intervals. When the interval between samples was 
reduced certain irregularities appeared in the curves showing the increase of 
cell number with time. These irregularities suggested that the early divisions 
in the culture might be at least partially synchronous. An investigation was 
undertaken to examine this possibility and the results of this series of observa-
tions are presented here. 
The investigation comprised three sets of observations: determinations of 
change in cell number, determinations of changes in mitotic index, and 
changes in nuclear DNA content. Clearly, if divisions are synchronous, 
increase in cell number should be abrupt, and any increase should be followed 
by a plateau phase in which there is no change. Secondly, if divisions are 
synchronous, the phase of abrupt increase should be preceded by one of high 
mitotic activity. Thirdly, following an earlier division the period of mitotic 
activity should follow a phase of DNA replication which in a synchronous 
system should be completed throughout the culture before mitosis begins. 
This pattern should also characterize the first division cycle, since it has been 
shown that all the cells of the explant are in the aC condition (Naik, 1965; 
Mitchell, 1967). 
(Annals of Botany, N.S. vol. 31, No. 122, 1967.1 
3 24 	 Yeoman and Evans 
The results recorded here indicate that the first two or three divisions are 
at least partially synchronous. This conclusion, while being of some signi-
ficance in relation to the interpretation of the early development of the callus, 
is also of some interest in relation to the possible exploitation of this system 
for the study of cell division as such. The synchrony is not as complete as it 
may be in a culture of micro-organisms (Tamiya, 1964; Zeuthen, 1964; 
Mitchison and Vincent, 1965), and the times at which the successive cycles 
occur may not be as predictable as they are with synchronously dividing 
micro-organisms. Further, all the cells in the culture do not divide, but only 
those in the surface layers comprising about 40 to 50  per cent of the total 
number do so. Nevertheless, as experimental material in the study of divi-
sion, the artichoke callus has the great, merits that it is a multicellular system 
from a higher plant, and that the synchrony is inherent and not induced. It 
may be noted that this is one of the few instances in which inherent syn-
chrony has been recorded in a multicellular plant system. It has been 
recorded in the development of endosperm (Erickson, 1964) and in the forma-
tion of microspores in anthers (e.g. Stern and Kirk, 1948; Erickson, 1948). 
MATERIALS AND METHODS 
All the cultures were started from explants from mature tubers of Jerusalem 
Artichoke, Helianthus tuberosus cultivar Bunyard's Round. The cultivation, 
harvesting, and storage of the tubers has been described elsewhere (Yeoman, 
Dyer, and Robertson, 1965). 
The explants were prepared by the same technique as that used in the 
earlier investigation. For the observations on the replications of DNA, 
explants cultured on agar were used. For the rest another culture technique 
was adopted which has not been described before. Up to io explants were 
placed in a wide-mouthed ioo-ml conical flask together with 15  ml of liquid 
nutrient medium. A steel bar coated in glass was also placed in the flask, 
which after being closed with a cotton-wool plug was transferred to a mag-
netic stirrer, which caused the bar to rotate at about zo rpm. The consequent 
agitation of the fluid secured adequate aeration. This technique has proved 
very satisfactory for experiments of limited duration (not exceeding 5 days) 
and for such experiments it is preferable to the other culture techniques used 
in this laboratory. 
The culture medium was the same as that used in the earlier investigations. 
The culture period was restricted to about 48 h, since preliminary observa-
tions had shown that the highest degree of synchrony is confined to the first 
two division cycles. All cultures were incubated at 25 ° C in the dark. 
Change in the total number of cells was determined with two flask cultures 
each carrying about too explants. At intervals, random samples of five 
explants were taken alternately from each flask. The five units were imme-
diately transferred to 5  per cent chromic acid for maceration and estimation 
of the total number of cells was made from counts on a haemocytometer slide 
(Brown and Rickless, 7949). The normal procedure was amplified by the 
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estimation of the number of cell 'pairs' (Yeoman, Evans, and Naik, 1966) and 
in certain cases of clusters of four in the suspension. It was found that the 
two cells formed from a single parent cell in the first division were not sepa-
rated by the maceration procedure. A wall is laid down round each daughter 
cell within the original wall of the parent cell. During maceration the original 
wall is not disrupted, and the two daughter cells remain attached to each 
other and form a single unit. If the number of pairs is in fact a measure of the 
total number of cells that have divided, then if the number of pairs is deducted 
from the total cell number after the first division, the remainder should be 
equivalent to the total number in the explant before division. That this is in 
fact the case is shown by the relevant data of Fig. 3, below. The divisions of 
the second cycle occur mainly within cells that have been formed in the first. 
The wall of the original parent cell is still not disrupted by maceration after 
the second division. Thus in macerates from explants, at this stage of 
development, clusters of four cells occur, and an estimate of these is a measure 
of the number that have divided in the second cycle. The determination of the 
number of pairs as a measure of the increment in the number of cells carries 
the advantage that it is independent of the original number, and is therefore 
not subject to the errors introduced by variations in the size of the explants. 
For the determination of the mitotic index two flask cultures were set up, 
and on each sampling occasion a group of three explants selected at random 
was removed. Squashes were prepared from each explant after Feulgen 
staining, and counts were made based on all the cells in the explant. 
DNA replication was examined with explants cultured individually on 
agar. The medium in these cultures included either tritiated thymidine 
(i jsc/ml) or an equivalent quantity of the non-labelled compound. At inter-
vals a random sample of three cultures was taken from the series with the 
labelled compound and from each explant autoradiographs were prepared. 
The series with the non-labelled compound was used simultaneously for the 
determination of the change of total cell number. It was shown that at the 
concentration used (33X 10-7M) the labelled compound had no detectable 
effect on the division cycle or on the length of the lag period. 
Each of the explants exposed in labelled thymidine after removal from the 
culture was first washed thoroughly with glass-distilled water and each explant 
was immersed in ethanol: acetic acid fixative (3: i) for zo h. Subsequently 
the tissue was washed thoroughly in ethanol and stored in 70 per cent 
ethanol. In due course each explant was dehydrated through a tertiary butyl 
alcohol series, embedded in paraffin wax, and sectioned on a rotary microtome 
at 15 1L. The sections after being fixed to a slide with a chrome alum gelatine 
adhesive were dewaxed and brought into distilled water through a xylol, 
ethanol series. Autoradiographs were prepared by the liquid-emulsion tech-
nique described by Jensen (1962), the nuclear research emulsion used being 
Ilford Kz. The slides were exposed in a light-tight box at 
40  C for 14 days. 
The film was developed and processed, and permanent mounts were made 
with Canada balsam. Sections from the central zone of the explant were 
966.2 
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examined with phase-contrast microscopy and the number of labelled nuclei 
on every third section determined. The number was expressed as a per-






FIG. 1. Changes in the cell number ) of explants grown at zf C. 
The technique does not, of course, give any indication of the course of 
DNA replication. If the labelled compound is present at the site of replica-
tion, then when this process occurs the label will become incorporated into 
the nucleus. This change in the number of labelled nuclei is a measure of the 
number that has entered the S period and in which replication has begun. 
RESULTS 
The course of the change in cell number with time is shown by the data 
of Fig. i and by the relevant data of Figs. a and 3.  These data are from 
experiments in which the sampling interval is a h. 
It is evident from the results of the three separate experiments that there 
is no change in cell number during about the first zo h of culture, but that 
during the next 3  to  4  h there is a sharp increase. This is followed by a phase 
which lasts about 8 h and in which the total cell number remains more or less 
constant. Subsequently a second sharp rise occurs which is complete in 
to 4  h. Again this is followed by a phase during which the cell number 
apparently remains constant. 
It may be noted that the results based on counting pairs and 'fours' shown 
in Figs. a and 3  confirm the corresponding results obtained with total cell 
numbers During the first 24 h of culture no pairs are present in the explants. 
At the end of this period pairs appear and their number increases in the next 
few hours. During the subsequent 8 h the number of pairs remains constant 














FIG. 1. Changes in the number of cells (s), cell, pairs (0), and cell fours (4) during the 
growth of explants at 25 ° C. 
Hours 
FIG. 3.  Changes in the number of cells (s), cell pairs (s), cell fours (4), and base cell 
number (9)  (cell number—number of cell pairs) during the growth of "plants at 25 ° C. 
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total numbers begins, and their number increases with the increase in total 
numbers. 
The first phase, during which there is no change in number, may be called 
the lag phase, and the periods of constant number following a rise, the plateau 
phases. 
In Figs. i, 2, and 3  the lines drawn through the values for the plateau 
phases are shown as indicating no change in number, but the scatter of the 
points is such that there may be slight increases during these phases. A further 
important aspect of the situation may be noted. The length of the lag phase 
is clearly not constant. Experience has shown that this tends to increase as 
the period of storage of the parent tubers is prolonged. In the experiments of 
Figs. i, 2, and 3  the lag is about 20 h but in those of Fig. 4  it is certainly za h 
and in those of Fig. 5 it is about 36 h. The length of the second division cycle 
is, however, remarkably constant at approximately 13 h. 
Data showing change in the mitotic index with time are given in Fig. 4. 
The values for individual explants on each sampling occasion are given 
separately. For each occasion there are two or three replicate values, and it 
may be noted that the agreement within each group is remarkably close. In 
Fig. 4  data showing the change in the number of pairs in the same experiment 
are also given. Until about 16 h there are virtually no mitotic figures in the 
explant. From this time the mitotic index increases steadily until it reaches 
a maximum value of about 18 percent at 24 h. From this maximum the index 
falls until it reaches a minimum value of about 2 per cent at about 30 h. It 
remains at the minimum value for about 4  h, after which it begins to rise 
again and reaches a second maximum at about 36 h. In this experiment the 
first pairs are recorded at 24 h, 6 h after the first mitotic figures develop. 
The beginning of the plateau phase in pair numbers occurs at about 30 h, 
again 6 h after the peak number of mitotic figures is formed. It is significant 
that the beginning of the plateau phase coincides with the attainment of the 
minimal mitotic index. The data for clusters of fours suggest that the plateau 
phase continues until about 40 h, but it is again significant that the second 
maximum is reached about 4  h earlier at 36 h. 
The data showing the change in the proportion of labelled nuclei with time 
are shown in Fig. 5.  In the same figure, data are given showing the change 
in the proportion of pairs in the same experiment. Labelled nuclei first occur 
at about 8 h and the proportion increases to about zo h. During the following 
A h the proportion remains more or less constant, but at about 36 h there 
is a second phase of increase which is sharp and steep. It is significant that 
the second increase occurs at the time when pairs are also increasing. 
DIscussioN 
The distribution and arrangement of the dividing tissue is of some signi-
ficance for the interpretation of the data presented above. The original explant 





Growth and Differentiation of Plant Tissue Cultures. II 	329 
9) 
a. 
I Lou rs 
FIG. 4. Changes in the mitotic indices (0),  the percentage of cell pairs () and the per- 
centage of cell fours (A) during the growth of explants at 25 ° C. 
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Fio. 5. Changes in the percentage of labelled nuclei per section (A) and the percentage of 
cell pairs () during the growth of explants at 25 ° C. 
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medium the early divisions occur over the whole surface of the explant, and 
involve about the first seven or eight superficial layers. The central zone of 
the explant does not divide. 
It is clear that the data of the preceding section indicate that division in the 
early stages of development of the callus is characterized by a high degree of 
synchrony. After an apparent lag phase, which varies in duration, there is an 
abrupt increase in the number of cells. Clearly the limited time of 4  to  5  h 
in which the increase occurs indicates the more or less simultaneous comple-
tion of a first division in the whole population of dividing cells. With the 
beginning of the first plateau phase all the dividing cells in the different ex-
plants of a culture are at the beginning of the second interphase. The second 
sharp rise indicates the approximately simultaneous completion of a second 
division, and the beginning of the second plateau the beginning of a third 
interphase. It is evident from Fig. 3 that with the completion of each succes-
sive cycle synchrony becomes less pronounced. In the third cycle the dif-
ferent phases are not as distinctive as they are in the first and second. 
The mitotic index data confirm the general conclusions provided by the 
cell number data. Mitotic figures are virtually absent until a few hours before 
the first rise in total cell numbers and pairs. The mitotic index reaches a 
peak some hours before the first increment in cell numbers. Clearly towards 
the end of the lag phase the cells enter mitosis more or less simultaneously and 
when they reach telophase they divide with a consequent sharp increase in 
cell number. From a peak value the mitotic index decreases and reaches a 
minimum value at a time when the plateau phase in numbers is beginning. 
This corresponds to a situation in which the beginning of the plateau marks 
the beginning of an interphase in a synchronous culture. The mitotic index 
remains at a low value for about 4  hours and then increases to a second 
maximum a few hours before the second increment in total numbers occurs. 
Evidently the second increment is the product of the second increase in 
mitotic numbers. It is significant that after the first maximum, mitotic figures 
do not disappear completely. This suggests that during the plateau phase cell 
numbers do not remain constant, but probably increase very slowly. This 
increase, however, is certainly not sufficiently pronounced to obscure the 
incidence of a distinctive plateau. 
The mitotic index data shown in Fig. 4 are based on counts which involve 
all the cells of the explant. On this basis of estimation the peak value at the 
first maximum is about 18 per cent. It is of interest that if the index is 
based on the number of dividing cells only (as indicated by the number of 
pairs), the peak value becomes about So per cent. 
At the beginning of the lag phase all the cells are in the zC condition. 
Before reaching mitosis DNA replication occurs in an S phase. The data of 
Fig. 5  show that there is an initial phase of 8 h when there are no cells entering 
5, and a period of 0 h before division occurs when again no cells enter S. 
The active cells all enter the phase of replication during the intervening period 
Of 12 h. This situation is consistent with a state of relativç synchrony, but it 
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must be emphasized that, since the labelling technique only defines the entry 
of cells into the phase of replication, the apparent duration of this phase for 
the culture as a whole might be expected to be comparable to that in which 
division occurs. The data of Mitchell (1967) indicate that this is in fact the 
case. In the experiment of Fig. 5  the period of entry for the culture extends 
over iz h, whereas in the experiment of Fig. i the period of division for the 
culture as a whole is restricted to about 4  to  5  h. The difference is undoubtedly 
due to different conditions of culture. The labelling experiment involved 
agar culture, whereas the cell-counting data were obtained with mass liquid 
culture. It has been shown experimentally that the degree of synchrony 
achieved is very much less on agar than it is in a liquid medium. 
After the proportion of labelled nuclei remaining constant for 16 h at the 
end of the lag period, it increases abruptly with increase in the cell number. 
This is certainly a consequence of the division of previously labelled nuclei 
and not the result of the induction of a second phase of replication. 
The data undoubtedly indicate that at least the first two division cycles in 
liquid culture are closely synchronized. At the same time it is evident that 
the synchrony is not complete. If it were, then division, for instance, might be 
expected to be complete in considerably less than x h. The degree of syn-
chrony is, however, certainly unusual for a multicellular system, and is suffi-
ciently close to provide the basis for an experimental analysis of cell 
division. 
In an earlier paper (Yeoman, Dyer, and Robertson, 1965) it was shown 
that when division begins the increase in cell number is exponential with time. 
The data presented in the last section are clearly not inconsistent with this. 
A general exponential trend may be expressed through a series of discrete 
increments. In such a system the deviation from a line of closest fit due to the 
non-random element in division is likely to be small when the cycle is short 
relative to the length of the exponential phase, as it is in these cultures. 
The results recorded here are of some significance for the interpretation of 
the early development of the culture. At the time of excision the tissue is in a 
more or less dormant condition. At this time respiration is low. After being 
transferred to the culture medium respiration increases rapidly. Thus after 
transfer a process of activation begins. To what extent this process affects the 
nucleus is uncertain, but it is at least possible that it is affected along with the 
rest of the cell. At excision the cells of the explant are all in the zC state and 
DNA replication may not begin for about 8 h after the culture is established. 
Thus if a development begins immediately, the position could involve a 
development of the cells from an early stage of G 1. This first G 1 phase con-
tinues for 8 h, after which S begins synchronously. This phase of replication 
continues until mitosis begins. There is apparently no G 2. The first mitosis 
occupies 3 to 4  h and this is followed immediately by cytokinesis. The suc-
cession is more rapid during the second and possibly more rapid still during 
the third cycle. Thus activation, which begins when the explant is transferred 
to the medium, extends over at least the first 48 h of culture. 
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